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The President and Council of the Royal Society 
having recommended to Her Majesty's Government 
the equipment of an Antarctic Expedition for scientific 
objects, were informed by the Lords Commissioners 
of the Admiralty that it had been determined to send 
out Captain James Clark Ross on such an expedition, 
and the Council were at the same time requested to 
communicate to them, for their information, any sug- 
V7 gestions on those subjects, or on other points to which 
^ they might wish Captain Ross's attention to be called, 
in preparing the instructions to that officer*. The 
x^ Council, having due regard to the magnitude and im- 
« portance of the question submitted to them, considered 
^ that they would best fulfil the wishes of Her Majesty'^ 
' Government, by a subdivision of the inquiry into dif- 
ferent parts, and by referring the separate considera- 
tion of each part to distinct Committees, consisting of 
those members of the Society who were especially 
conversant with the particular branches of science to 
which each division of the inquiry had relation. These 
several Committees, namely, those of Physics, of Me- 
teorology, of Geology and Mineralogy, of Botany and 
Vegetable Physiology, and of Zoology and Animal 
Physiology, after bestowing much time and great at- 
tention in the investigation of the subjects brought 

under their notice, have each drawn up very fiill and 

•J 

* This request was conveyed in a letter from Sir John Banow^ addressed t to 
the Seoretary of the Royal Society^ and dated June 13| 1839. 
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complete Reports of the results of their labours. These 
reports have been considered and adopted by the 
CouAcil, and have been incorporated in the follow- 
ing General Report, which the Council present as 
their opinion on the matters which have been referred 
to them by Her Majesty's Government. They take 
this opportunity of declaring their satisfaction at the 
prospect of the benefits which are likely to accrue to 
science from the expedition thus liberally undertaken 
by the Gk)vemment on the representations made to 
them by the Royal Society and other scientific bodies 
in this country, and in conformity with a wise and 
enlightened policy. They also desire to express their 
grateful sense of the prompt attention which has been 
uniformly paid to their suggestions, and of the ample 
provision which has been made for the accomplish- 
ment of the various objects of the expedition. 

Royal Society. 8th August, 1839. 



Section I.— I*HYiSIC8 AND METEOROLOGY. 



The Council of the Royal Society are very strongly impressed 
with the number and importance of the desiderata in physical and 
meteorological science, which may wholly or in part be supplied by 
obsenrations made under such highly favourable and encouraging cir- 
cumstances as those afforded by the liberality of Her Majesty's Cki-> 
vemment on this occasion. While they wiidi therefore to omit no- 
thing in their enumeration of those objects which appear to theni 
deserving of attentive inquiry on sound scientific grounds, and from 
which consequences may be drawn of real importance, either for the 
settlement of disputed questions, or for the advancement of knowledge 
in any of its branches, — ^they deem it equally their duty to omit or pass 
lightly over several points which, although not without a certain de- 
gree of interest, may yet be regarded in the present state of science 
rather as matters of abstract curiosity than as affording data for strict 
reasoning ; as well as others, which may be equally well or better 
elucidated by inquiries instituted at home and at leisure. 

1. Tbrrbstrial Maonbtism. 

The subject of most importance, beyond all question, to which the 
attention of Captain James Clark Ross and his officers can be turned, 
— and that which must be considered as, in an emphatic manner, the 
great scientific object of the Expedition, — is that of Terrestrial Mag- 
netism ; and this will be considered : 1st, as regards those accessions 
to our knowledge which maybe supplied by observations to be made 
during the progress of the Expedition, independentiy of any concert 
with or co-operation of other observers ; and 2ndly, as regards those 
which depend on and require such concert ; and are therefore to be 
considered with reference to the observations about to be carried on 
simultaneously in the fixed magnetic observatories, ordered to be 
established by Her Majesty's Government with this especial view, 
and in the other similar observatories, both public and private, in 
Europe, India, and elsewhere, with which it is intended to open and 
maintain a correspondence. 

Now it may be observed, that these two classes of observations 
naturally refer themselves to two chief branches into which the 
science of terrestrial magnetism in its present state subdivides itself, 
and which bear a certain analogy to the theories of the elliptic move- 
ments of the planets, and of their periodical and secular perturba- 
tions. The first comprehends the actual distribution of the magnetic 
influence over the globe, at the present epoch, in its mean or average 
state, when the effects of temporary fluctuations are either neglected 
or eliminated by extending the observations over a sufficient time to 
neutralize their effects. The other comprises the history of all that 
is not permanent in the phenomena, whether it appear in the form 
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of momentaFy^ daily, monthly, or annual change and restoratios, or 
in ptogressive changes not compensated by counter changes, but 
going on continually accumulating in one direction, so as in the 
course of many years to cdter the mean amount of the quantities ob- 
served. These last- mentioned changes hold the same place, in the 
analogy above alluded to, with respect to the mean quantities and 
temporary fluctuations, that the secular variations in the planetary 
movements must be regarded as holding, with respect to their mean 
orbits on the one hand, and their perturbations of brief period on the 
other. 

There is, however, this difference, that in the planetary theory all 
t^ese varieties of effect have been satisfactorily traced up to a single 
cause, whereas in that of terrestrial magnetism this is so far from 
being demonstrably the case, that the contrary is not destitute of 
considerable probability. In fact, the great features of the magnetic 
curves, and their general displacements and changes of form over the 
whole surface of the earth, would seem to be the result of causes 
acting in the interior of the earth, and pervading its whole mass ; 
while the annual and diurnal variations of the needle, with their 
train of subordinate periodical movements, may, and very probably 
do arise from, and correspond to electric currents produced by pe» 
riodical variations of temperature at its surface, due to the sun's po* 
sition above the horizonj or in the ecliptic, modified by local causes ; 
while local or temporal^ electric discharges, due to thermic, che> 
mical, or mechanical causes, acting in the bigher regions of the at- 
mosphere, and relieving themselves irregularly or at intervals, may 
serve to render account of those unceasing,, and as they seem to us 
casual movements, which recent observations have placed in so con- 
spicuous and interesting a liglit. The electrodynamic theory, which 
refers all magnetism to electric currents, is silent as to the causes of 
those currents, which may be various, and which only the analysis 
of their effects can teach us to regard as internal, superficial, or at- 
mospheric. 

It is not merely for the use of the navigator that charts, giving- 
a general view of the lines of Magnetic Declination, Inclination* 
and Intensity, are necessary. Such charts, could they really be 
depended on, and were they in any degree complete, would be of 
the most eminent use to the theoretical inquirer, not only as ge- 
neral directions in the choice of empirical formtdse, but as powerful 
instruments for facilitating numerical investigation, by the choice 
they afford of data favourably arranged ; and above all, as affording 
decidedly the best means of comparing any given theory with oh- 
servation. In fact, upon the whole, the rea£est, and beyond com- 
parison the fairest and most effectual mode of testing the numerical 
applicability of a theory of terrestrial magnetism, would be, not ser- 
vilely to calculate its results for given localities, however numerous, 
and thereby load its apparent errors with the real errors, both of ob- 
servation and of local magnetism; but to compare the totality of the 
lines in our charts with the corresponding lines, as they result from 
the formulae to be tested, when their general agreement or disagree- 



ment will not only show how far the latter truly represent the facts, 
but will furnish distinct indications of the modifications they require. 

Unfortunately for the progress of our theories, however, we are 
yet very far from possessing charts even of that one element, the 
Declination, most useful to the navigator, which satisfy these requi- 
sites ; while as respects the others (the Inclination and Intensity) 
the most lamentable deficiencies occur, especially in the Antarctic 
regions. To make good these deficiencies by the continual practice 
of every mode of observation appropriate to the circumstances in 
which the observer is placed throughout the voyage, will be one of 
the great objects to which attention must be directed. And first — 

At sea. — We are not to expect from magnetic observations made 
at sea the precision of which they are susceptible on land. Never- 
theless, it has been ascertained that not only the Declination, 
but the Inclination and Intensity can be observed, in moderate cir* 
cumstances of weather and sea, with sufiicient correctness, to af- 
ford most useful and valuable information, if patience be bestowed, 
and proper precautions adopted. The total intensity, it is ascer- 
tained, can be measured with some considerable degree of certainty 
by the adoption of a statical method of observation recently de- 
vised by Mr. Fox, whpse instrument will be a part of the ap- 
paratus provided. And when it is recollected that but for such 
observations the whole of that portion of the globe which is 
covered by the ocean must remain for ever a blank in our charts, it 
will be needless further to insist on the necessity of making a daily 
series of magnetic observations, in all the three particulars above- 
mentioned, whenever weather and sea will permit, an essential feature 
in the business of the voyage, in both ships. Magnetic observations 
at sea will, of course, be affected by the ship's magnetism, and this 
must be eliminated to obtain results of any service. To this end. 

First. Every series of observations made on board should be ac- 
companied with a notice of the direction by compass of the ship's 
head at the time. 

Secondly. Previous to sailing, a very careful series of the apparent 
deviations, as shown by two compasses permanently fixed, (the one 
as usual, the other in a convenient position, considerably more for- 
ward in the ship,) in every position of the ship's head, as compared 
with the real position of the ship, should be made and recorded, with 
a view to attempt procuring the constants of the ship's action ac- 
cording to M. Poisson's theory* ; and this process should be repeated 
on one or more convenient occasions during the voyage; and, generally, 
while at anchor, every opportunity should be taken of swinging round 
the ship's head to the four cardinal points, and executing in each 
position a complete series of the usual observations. 

Thirdly. Wherever magnetic instruments are landed and obser- 
vations made on terra firma, or on ice, the opportunity should be 
seized of going through the regular series on ship-board with more 
than usual diligence and care, so as to establish by actual expe- 
riment in the only unexceptionable manner the nature and amount 
of the corrections due to the ship's action for that particular geo- 

* See Appendix A, 
b2 



gmpHical position, and by the assemblage of all such observatioim 
to afford data for concluding them in general. 

Fourthly. No change possible to be avoided should be made in 
the disposition of considerable masses of iron in the ships during 
the whole voyage ; but if such change be necessary, it should be 
noted. 

Fifthly. When crossing the magnetic line of no dip it would be 
desirable to go through the observation for the dip with the instru- 
ment successively placed in a series of different magnetic azimuths, 
by which the influence of the ship's magnetism in a vertical direc- 
tion will be placed in evidence. 

On land, or on ice, — As the completeness and excellence of the in- 
struments with which the expedition will be furnished will author- 
ise the utmost confidence in the results obtained by Captain Ross's 
well-known scrupulosity and exactness in their use, the redeter- 
mination of the magnetic elements at points where they, are al- 
ready considered as ascertained, will be scarcely less desirable than 
their original determination at stations where they have never before 
been observed. This is the more to be insisted on, as lapse of time 
changes these elements in some cases with considerable rapidity ; 
and it is therefore of great consequence that observations to be com- 
pared should be as nearly cotemporary as possible, and that data 
should be obtained for eliminating the effects of secular variations 
during short intervals of time, so as to enable us to reduce the ob- 
servations of a series to a common epoch. 

On the other hand it cannot be too strongly recommended, stu- 
diously to seek every opportunity of landing on points (magnetically 
speaking) unknown, and determining the elements of those points 
with all possible precision. Nor should it be neglected, whenever 
the slightest room for doubt subsists, to determine at the same time 
the geographical position of the stations of observation in latitude 
and longitude. When the observations are made on ice, it is need- 
less to remark that this will be universally necessary. 

With this general recommendation it will be unnecessary to enu- 
merate particular localities. In fact, it is impossible to accumulate 
too many. Nor can it be doubted that in the course of antarctic 
exploration, many hitherto undiscovered points of land will be en- 
countered, each of which will, of course, become available as a mag-< 
netic station, according to its accessibility and convenience. 

There are certain points in the regions about to be traversed in 
this voyage which offer great and especial interest in a magnetic 
point of view. These are, first, the south magnetic pole (or poles), 
intending thereby the point or points in which the horizontal in- 
tensity vanishes and the needle tends vertically downwards ; and 
secondly, the points of maximum intensity, which, to prevent the 
confusion arising from a double use of the word poles, we may pro- 
visionally term magnetic /oct. 

It is not to be supposed that Captain Ross, having already signal- 
ized himself by attaining the northern magnetic pole, should require 
any exhortation to induce him to use his endeavours to reach the 
southern. On the contrary, it might better become us to suggest 



for his consideration, tbat no «cien1ific datum of tliis description, nor 
any attempt to attain very high southern latitudes, can be deemed 
important enough to be made a ground for exposing to extraordinary 
risk the lives of brave and valuable men. The magnetic pole, though 
not attained, will yet be pointed to by distinct and unequivocal indi- 
cations ; viz. by the approximation of the dip to 90^ ; and by the con* 
vergence of the magnetic meridians on all sides towards it. If such 
convergence be observed over any considerable region, the place of the 
pole may thence be deduced, though its localitv may be inaccessible. 

M. Gauss, from theoretical considerations, has recently asssigned 
a probable position in Ion. 146° £., lat. 66° S. to the southern mag- 
netic pole, denying the existence of two poles of the same name, in 
either hemisphere, which, as he justly remarks, would entail the ne- 
cessity of admitting also a third point, having some of the chief cha- 
racters of such a pole intermediate between them. That this is so 
may be made obvious without following out his somewhat intricate 
demonstration, by simply considering, that if a needle be transported 
from one such pole to another of the same name, it will begin to de- 
viate from perpendicularity towards the pole it has quitted, and will 
end in attaining perpendicularity again, after pointing in the latter 
part of its progress obliquely towards the pole to which it is moving, 
a sequence of things impossible without an intermediate passage 
through the perpendicular direction. 

It is not improbable that the point indicated by M. Gauss will 
prove accessible ; at all events it cannot but be approachable suf- 
ficiently near to test by the convergence of meridiaiis the truth of 
the indication ; and as his theory gives within very moderate limits 
of error the true place of the northern pole, and otherwise represents 
the magnetic elements in every explored region with considerable ap- 
proximation, it is but reasonable to recommend this as a distinct point 
to be decided in Captain Ross's voyages. Should the decision be 
in the negative, i. e. should none of the indications characterizing 
the near vicinity of the magnetic pole occur in that region, it wiU 
be to be sought ; and a knowledge of its real locality will be one of 
the distinct scientific results which may be confidently hoped from 
this expedition, and which can only be attained by circumnavigating 
the antarctic pole compass in hand. 

Tlie actual attainment of b, focus of maximum intensity is rendered 
difficult by the want of some distinct character by which it can be 
known, previous to trial, in which direction to proceed, when after 
increasing to a certain point the intensity begins again to diminish. 
The best rule to be given, would be (supposing circumstances would 
permit it) on perceiving the intensity to have become nearly station- 
ary in its amount, to turn short and pursue a course at right angles 
to that just before followed, when a change could not fail to occur, 
and indicate by its direction towards which side the focus in ques- 
tion were situated. 

Another, and as it would appear, a better mode of conducting such 
a research, would be, when in the presumed neighbourhood of a 
focus of maximum intensity, to run down two parallels of latitude 



or two arcs of meridians separated by an interval of moderate extent, 
observing* all the way in each, by which observations, when com- 
pared, the concavities of the isodynamic lines would become appa- 
rent, and perpendiculars to the chords, intersecting in or near the 
foci, might be drawn. 

Two foci or points of maximum total intensity are indicated by 
the general course of the lines in Major Sabine's chart in the South- 
em Hemisphere, one about long. 140° E., lat. 47° S., the other 
more obscurely in long. 235° E., lat. 60° S. or thereabouts. Both 
these points are certainly accessible ; and as the course of the expe- 
dition will lead not far from each of them, they might be visited 
with advantage by a course calculated to lead directly acr(fss the 
isodynamic ovals surrounding them. 

Pursuing the course of the isodynamic lines in the chart above 
mentioned, it appears that one of the two points of minimum total 
intensity, which must exist, if that chart be correct, may be looked 
for nearly about lat. 25° S., long. 12° W., and that the intensity at 
that point is probably the least which occurs over the whole globe. 
Now this point does not lie much out of the direct course usually 
pursued by vessels going to the Cape. It would therefore appear 
desirable to pass directly over it, were it only for the sake of deter- 
mining by direct measure the least magnetic intensity at present ex- 
isting on the earth, an element not unlikely to prove of importance 
in the further progress of theoretical investigation. ExceUent op- 
portunities will be afforded for the investigation of all these points, 
and for making out the true form of the isodynamic ovals of the 
South Atlantic, both in beating up for St. Helens^ and in the pas- 
sage from thence to the Cape; in the course of which, the point of least 
intensity will, almost of necessity, have to be crossed, or at least ap- 
proached very near. 

Nor is the theoretical line indicated by Gauss as dividing the 
northern and southern regions, in which free magnetism may be 
regarded as superficially distributed, undeserving of attention, lliat 
line cuts the equator in 6° east longitude, being inclined thereto 
(supposing it a great circle) 15°, by which quantity it recedes from 
the equator northward in going towards the west of the point of in- 
tersection. Observations made at points lying in the course of this 
line may hereafter prove to possess a value not at present con- 
templated. 

As a theoretical datum, the horizontal intensity has been recom- 
mended by Gauss, in preference to the total, not only as being con- 
cluded from observations susceptible of great precision, but as afford- 
ing immediate facilities for calculation. As it cannot now be long 
before the desideratum of a chart of the horizontal intensity is supplied, 
the maxima and minima of this element may also deserve especial 
inquiry, and may be ascertained in the manner above pointed out. 

The maxima of horizontal intensity are at present imdetermined 
by any direct observation. They must of necessity, however, lie in 
lower magnetic latitudes than those of the total intensity, as its mi- 
nima must in higher, and from such imperfect means as we have 



cf judging, the conjectural situations of the maxima may be stated 
«s occurring in 

20^ N. 80° E. I. 

7 N, 260 E. 11. 

3 S. 130 E, III. 

10 S. 180 E. IV. 

Observations have been made of the horizontal intensity in the 
vicinities of IL and III., and are decidedly the highest which have 
been observed anywhere. 

In general, in the choice of stations for determining Uie absolute 
values of the three magnetic elements, it should be borne in mind» 
that the value of each new station is directly proportional to its re*^ 
moteness from those already known. Should any doubt arise, therc'^ 
fore, as to the greater or less eligibility of particular points, a refer- 
ence to the existing magnetic maps and charts, by showing where 
the known points of observation, are most sparingly distributed, will 
decide it. 

For such magnetic determinations as those above contemplated, 
the instruments hitherto in ordinarv use, with the addition of 'Mr. 
Fox's apparatus for the statical determination of the intensity, will 
suffice ; the number of the sea observations compensating for their 
possible want of exactness. The determinations which belong to the 
second branch of our subject, — viz. those of the diurnal and other 
periodical variations, and of the momentary fluctuations of the mag« 
netic forces, — ^require, in the present state of our knowledge, the use 
of those more refined instruments recently introduced. Being com- 
parative rather than absolute, they depend in great measure (and 
as regards the momentary changes, whoUy) on combined and simul- 
taneous observation. 

The variations to which the earth's magnetic force is subject, at a 
given place, may be classed under three heads, namely, 1 . the tVr^- 
gular variations, or those which apparently observe no law ; 2. the 
periodical variations, whose amount is a function of the hour of the 
day, or of the season of the year ; and 3. the secular variations, which 
are either slowly progressive, or else return to their former values 
in periods of very great and unknovm magnitude. 

The recent discoveries connected with the irregular variations of 
the magnetic declination, have given to this class of changes a pro- 
minent interest. In the year 1818 M. Arago made, at ti^e Obser- 
vatory of Paris, a valuable and extensive series of observations on 
the declination changes ; and M. KupiFer having about the same 
time undertaken a similar research at Cazan, a comparison of the 
results led to the discovery that the perturbations of the needle were 
synchronous at the two places, although these places differed from 
one another by more than forty-seven degrees of longitude. This 
seems to have been the first recognition of a phenomenon, which 
now, in the hands of Gauss and those who are labouring with him, 
appears likely to receive a full elucidation. 

To pursue this phenomenon successfully, and to promote in other 
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directions the theory of terrestrial magnetisiD, it was neoessarir to 
extend and vary the stations of observation^ and to adopt at all a 
common plan. Such a system of simultaneons observations was or-> 
ganized by Von Humboldt in the year 1 827. Magnetic stations were 
established at Berlin and Freyberg : and the Imperial Academy of 
Russia entering with zeal into the project, the chain of stations was 
carried over die wliole of that colossal empire. Magnetic houses 
were erected at Petersburg and at Cazan; and magnetic instru- 
ments were placed, and regular observations commenced, at Moscow, 
at Sitka, at Nicolajeff in the Crimea, at Bamaoul and Nertschinsk 
in Siberia, and even at Pekin. The plan of observation was definitely 
<5rganized in 1 830 ; and simultaneous observations were made seven 
times in the year, at intervals of an hour for the space of forty- four 
hours. 

In 1834 the illustrious Ghiuss turned his attention to the subject 
oi terrestrial magnetism ; and having contrived instruments which 
were capable of yielding results of an accuracy before unthought of 
in magnetic researches, he proceeded to inquire into the simulta* 
seous movements of the horisontal needle at distant places. At the 
very outset of his inquiry he discovered the fact, that Uie synchronism 
of the perturbations was not confined (as had been hitherto imagined) 
to the larger and extraordinary changes ; but that even the minutest 
deviation at one place of observation had its counterpart at the other. 
Gauss was thus led to organize a plan of simultaneous observations, 
not at intervals of an hour, but at the short intervals of five mi- 
nutes. These were carried on through twenty-four hours six* times 
in the year ; and magnetic stations taking part in the system were 
established at Altona, Augsburg, Berlin, Bonn, Brunswick, Bredaj, 
Breslau, Gassel, Copenhagen, Dublin, Freyberg, Gottingen, Ghreen- 
wich, Halle, Kazan, Cracow, Leipsic, Milan, Marburg, Munich, 
Naples, St. Petersburg, and Upsala. 

Extensive as this plan appears, there is much yet remaining to be 
accomplished. The stations, numerous as they are, embrace but a 
small portion of the earth's surface ; and what is of yet more im- 
portance, none of them are situated in the neighbourhood of those 
singular points or curves on the earth's sur&ce, where the magni- 
tude of the changes may be expected to be excessive, and perhaps 
even their direction inverted. In short, a wider system of observa- 
tion is required to determine whether the amount of the changes' 
(which is found to be very different in dijffierent places) is dependent 
simply on the geographical or on the magnetic co-ordinates of the 
place; whether, in feet, the variation in that amount be due to 
the greater or less distance of a disturbing centre, or to the modifying 
effect of the mean magnetic fqrce of the place, or to both causes 
acting conjointly. In another respect also, the plan of the simul- 
taneous observations admits of a greater extension. Until lately the 
movements observed have been onAj those of the mti^etic deeUnation, 
although there can be no doubt that the inclination and the intensity 

* Recently reduced to Jbur. 



are subject to similar perturbations. Recently, at many of the 
German stations, the horizontal component of the intensity has been 
observed, as well as the declination ; but the determination of an- 
other element is yet required, before we are possessed of all the data 
necessary in this most interesting research. 

The magnetic observations about to be established in the British 
Colonies, by the liberality of- the Government, will (it is hoped) 
supply in a great measure these desiderata. The stations are widely 
scattered over the earth's surface, and are situated at points of pro- 
minent interest with regard to the Isodynamic and Isoclinal lines. 
The point of maximum intensity in the northern hemisphere is in 
Canada; the corresponding maximum in the southern hemisphere is 
near Van Diemen's Land ; St. Helena is close to the line of minimum 
intensity ; and the Cape of Good Hope is of importance on account 
of its southern latitude. At each observatory the changes of the ver^ 
tical component of the magnetic force will be observed, as well as those 
of the horizontal component and declination ; and the variations of the 
two components of the force being known, those of the inclination 
and of the /orce itself are readily deduced. The simultaneous obser- 
vations of these three elements will be made at numerous and stated 
periods, and we have every reason to hope that the directors of the 
various European observatories will take part in the combined system. 

But interesting as these phenomena are, they form but a small 
part of the proper business of an observatory. The regular changes 
(both periodic and secular) are no less important than the irregular; 
and they are certainly those by which a patient inductive inquirer 
would seek to ascend to general laws. Even the empirical expres- 
sion of these laws cannot fedl to be of the utmost value, as furnish- 
ing a correction to the absolute values of the magnetic elements, and 
thereby reducing them to their mean amount. 

The hourly changes of the declination have been frequently and 
attentively observed ; but with respect to the periodical variations 
of the other two elements, our information is as yet very scanty. The 
determination of these variations will form an important part of the 
duty of the magnetic observatories ; and from the accuracy of which 
the observations are susceptible, and the extent which it is proposed 
to give them, there can be no doubt that a very exact knowledge of 
the empirical laws will be the result. 

With respect to the secular variations, it might perhaps be doubted 
whether the limited time during which the observatories will be in 
operation is adequate to their determination. But it should be kept 
in mind that the monthly mean corresponding to each hour of ob- 
servation will furnish a separate result ; and that the number and 
accuracy of the results thus obtained may be such, as fully to com- 
pensate for the shortness of the interval through which they are fol- 
lowed. A beautiful example of silch a result, deduced from three 
years' observation of the declination, is to be found in the first vo- 
lume of Gauss's magnetical work, of which a translation is published 
in the fifth number of Taylor's Scientific Memoirs. 
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It remains to say a few words of the instrumental means which 
have been adopted for the attainment of these ends. 

The magnetic instruments belonging to each observatory and in 
constant use, are, 1. a declination instrument; 2. a horizontal force 
magnetometer; 3. a vertical force magnetometer. These instru- 
ments are constructed after the plan adopted by Professor Uoyd in 
the Magnetic Observatory of Dublin. The magnet, in the two 
former, is a heavy bar, fifteen inches long, and upwards of a pound 
in weight. In the declination instrument the magnet rests in the 
magnetic meridian, being suspended by fibres of silk without torsion. 
In the horizontal force magnetometer, the magnet is supported by 
two parallel wires, and maintained in a position at right angles to 
the magnetic meridian by the torsion of their upper extremities. 
In both instruments the changes of position of the magnet are read 
off by means of an attached collimater having a divided scale in its 
focus. The magnetometer for the vertical force is a bar resting by 
knife edges on agate planes, and capable of motion therefore in the 
vertical plane only. This bar is loaded, so as to rest in the hori- 
zontal position in the mean state of the force ; and the deviations 
from that position are read off by micrometers near the two extre- 
mities of the bar. 

In addition to these instruments, each observatory is furnished 
with a dip circle, a transit with an azimuth circle, and two chro- 
nometers. Each vessel also is supplied with a similar equipment. 
Should therefore the ships be under the necessity of wintering in 
the ice, — and generally, on every occasion when the nature of the 
service may render it necessary to pass a considerable interval of 
time in any port or anchorage, — the magnetometers should be esta- 
blishedr and observations made with all the regularity .of one of 
the fixed observatories, and with strict attention to all the same de- 
tails. 

The selection of proper stations for the erection of the magneto- 
meters, and the extent of time which can be bestowed upon each, 
must in a great measure depend on circumstances, which can only 
be appreciated after the expedition shall have sailed. The ob- 
servatory at St. Helena (the officers and instruments for which will 
be landed by Captain Ross,) will in all probability, — and that at the 
Cape (similarly circumstanced in this respect) may possibly, — be in 
activity by the time the ships arrive at Kerguelen's Land ; which we 
would recommend as a very interesting station for procuring a 
complete and as extensive a series of corresponding observations as 
the necessity of a speedy arrival at Van Diemen's Land for the esta- 
blishment of the fixed observatory at that point will allow ; taking 
into consideration the possibility of obtaining during the interme- 
diate voyage, a similar series, at some point of the coast discovered 
by Kemp and Biscoe. In the ulterior prosecution of the voyage, 
a point of especial interest for the performance of similar observa- 
tions will be found in New Zealand, which, according to the sketch 
of the voyage laid before us by Captun Ross, will probably be visited 



11 

shortly after the estabUshment of the Van Diemen's Land observatory. 
The observations there will have especial interest, since, taken in con- 
junction with those simultaneously making in Van Diemen's Land, 
they will decide the important question, how far that exact cor- 
respondence of the momentary magnetic perturbations which has 
been observed in Europe, obtains in so remote a region, between 
places separated by a distance equal to that between the most widely 
distant European stations. 

In the interval between quitting Van Diemen's Land and return- 
ing to it again, opportunities will no doubt occur of performing 
more than one other series of magnetometer observations, the lo- 
cality of which may be conveniently left to the judgement of Cap- 
tain Ross, bearing in mind the advantage of observing at stations 
as remote as possible from both Van Diemen's Land and New Zea- 
land. 

The research for the southern magnetic pole and the exploration 
of the antarctic seas will afford, it may be presumed, many oppor- 
tunities of instituting on land hitherto unknown, or on firm ice when 
the vessel may be for a time blockaded, observations of this descrip- 
tion ; and in the progress of the circumnavigation, the line of coast 
observed or supposed to exist under the name of Graham's Land, or 
those of the islands in that vicinity. South Shetland, Sandwich Land, 
and finally on the homeward voyage the Island of Tristan d*Acunha, 
will afford stations each of its own particular interest. 

A programme will be furnished of the days selected for simulta- 
neous observations at the fixed observatories, and of the details to 
be attended to in the observations themselves as above alluded to. 
These days will include the terms or stated days of the German Mag- 
netic Association, in which, by arrangements already existing, every 
European magnetic observatory is sure to be in full activity. These 
latter days, which occur four times in the year, will be especially 
interesting, as periods of magnetometrical observations by the expe- 
dition, when the circumstances of the voyage will permit. For the 
determination of the existence and progress of the diurnal oscillation, 
in so far as that important element can be ascertained in periods of 
brief duration, it will be necessary to continue the observations hourly 
during the twenty-four for not less than one complete week. At 
every station where the magnetometers are observed, the absolute 
values of the dip, horizontal direction, and intensity will require to 
be ascertained. 

Sydney, for a station of absolute determinations, would be with 
great propriety selected, as there can be no doubt of its becoming 
at no distant period a centre of reference for every species of loccd 
determination. 

The meteorological particulars to be chiefly attended to, as a part 
of the magnetic observations, are those of the barometer, thermo- 
meter, wind, and especially auroras, if any. In case of the occur- 
rence of the latter indeed, the hourly should at once be exchanged 
for uninterrupted observation, should that not be actually in opera- 
tion. The affections of the magnetometers during thunder-storms. 
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if any, should be noticed, though it is at present believed that they 
have no influence. 

During an earthquake in Siberia in 1829, the direction of the 
horizontal needle, carefully watched by M. Erman, was uninflu- 
enced ; should a similar opportunity occur, and circumstances per- 
mit, it should not be neglected. 

Should laud or secure ice be found in the neighbourhood of the 
magnetic pole, every attention will of course be paid to the procuring 
a complete and extensive series of magnetometric observations, which 
in such a locality would form one of the most remarkable results of ^ 
the Expedition. 

2. FlOUBB OF THB EaBTH. 

The Expedition being provided with invariable pendulums, with all 
the necessary apparatus for determining the length of the seconds 
pendulum, it will be highly desirable to have this important observa- 
tion made at several points, especially in high southern latitudes, 
and generally speaking at points as remote as possible from those 
at which it has already been determined. The selection of these 
must depend on local circumstances, as regards convenience for 
landing the instruments and executing the operations, as well as on 
the times of arrival at the several points. 

It would also be desirable, if a convenient opportunity occurs, to 
swing the pendulums on the top of some high mountain ; in which 
case they should also be swung at the foot of the same mountain, in 
order to determine the difference produced by the elevation, or other 
effect of the high land. 

Another experiment which it would be desirable to make, is to 
swing the pendulum on a large field of fixed ice, as fieu: from the 
land as possible ; and likewise on the nearest shore to such position. 
In aU these cases more than one pendulum should be used ; and 
at least three knife edges should be employed, in order to guard 
against any unforeseen anomaly that may arise. 

It is scarcely necessary to state, that the direction of the line of 
motion, with respect to the magnetic meridian, should be noted at 
each station. 

3. Tides. 

With regard to tides, it is not likely that Capt. Ross's other em- 
ployments will allow him to pursue observations on that subject 
with any continuity ; nor is it desirable that he should do so, except- 
ing he were able to carry on his observations to a much greater ex- 
tent than is consistent with the nature of the Expedition. There 
are, however, certain objects which may be answered by occasi(mal 
and detached observations, which may be briefly stated. 

1 . At all stations on the coasts visited, and especially at all de- 
tached islands in the middle of wide seas, it is desirable to obtain 
the correct eatabiishment of the place, or mean lunitidal interval. 
This may be done with tolerable accuracy by a few observations of 
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sruccessive high waters ; and these must be reduced with a proper 
allowance for the age of the moon ; that is, not only for the time of 
the moon's transit, but also for the semimenstrual inequality. The 
things to be observed are, the mean solar time of high water, the rise 
of the tide from low to high water, and, if convenient, the mean solar 
time of low water. 

2. It is desirable to ascertain the existence and amount of the 
diurnal inequalities in such situations as have been spoken of. For this 
purpose the heightis of high water should be observed for several suc- 
cessive tides, day and night ; and, if possible, this should be done 
when the moon is at her greatest declination, or a few days later ; 
at any rate, not when the moon is in the equator, nor a few days 
after that period. 

It is very probable that a diurnal inequality of the heights will be 
detected ; but it appears not worth while to attempt, under the cir- 
cumstances, to detect a diurnal inequality of the times. 

4. Metborolooy. 

A complete meteorological register will of course be kept in each 
ship during the whole continuance of the voyage ; skeleton forms 
for the arrangement of the observed and reduced quantities are fur- 
nished. These are adapted for intervals of observation of six hours 
throughout the twenty-four ; and although hourly observations be 
made, as is undoubtedly to be desired, yet the regular entry and 
reduction of the observations for the hours in the skeleton forms is 
nevertheless essential, for the sake of future comparison with those 
similarly entered and reduced at the fixed stations. But in consider- 
ing the suggestions which it may be proper to offer upon this branch 
of the subject, the Council have been induced to take a more com- 
prehensive view than might at first be supposed to be called for by 
the immediate objects of the Expedition. So many references have 
lately been made to them upon the subject of directions for meteor- 
ological observations, that they have embraced the opportunity of 
proposing a plan of extensive co-operation applicable alike to the Ex- 
pedition, to the Magnetic Observatories about to be established, and 
to other Observatories for which directions have been thus solicited. 
The Council have therefore thought it more convenient to draw up a 
separate Report, which, as regards the Antarctic Expedition and the 
Magnetic Observatories, may be considered as supplementary to the 
]»:esent one. 

In the way of general remark on this subject it may be observed, 
that it is impossible to pay too much attention to the zero points of 
the instruments, especially the barometer. Every thermometer and 
barometer, furnished both to the ships and for the observatories, will 
in the first instance have been care&Uy compared with those of the 
Royal Society ; and one barometer in each ship should be conti- 
nually referred to as a standard, whenever the instruments are landed 
and on their return on board, so as to detect and take account of 
any change which may have occurred in the interval ; while the two 



14 

standards, whenever the ships are in eompany, will hecome checks 
on each other through the medium of the register. Nor should the 
opportunity be lost of comparing these standard barometers (by the 
' intervention of portable ones) with the standard barometer of the 
Cape Observatory, and with that used at Port Arthur, Van Diemen's 
Land, in the meteorological register kept by Sir J. Franklin's orders 
by Mr. Lempriere, as weU as with the standard at the observatory 
at Paramatta, and with any other ii^strument likely to be referred to 
as a standard or employed in research elsewhere. 

The general fact that the barometer at the level of the sea does 
not indicate a mean atmospheric pressure of equal amount in all 
parts of the earth, — but, on the contrary, that the equatorial pressure 
is uniformly less in its mean amount than that at and beyond the 
tropics, — was first noticed by Von Humboldt, and has since been de- 
monstrated by the assemblage of many observations made during 
voyages and on land by Schouw, as weU as by Other observations, 
an account of which will be found in the Reports of the Meteoro- 
logical Committee of the South African Philosophical Society for 
1836 and 1837. This inequality of mean pressure is a meteorolo- 
gical phenomenon of the greatest and most universal influence, as it 
is, in fact, no other than a direct measure of the moving force, by 
which the great currents of the trade- winds are produced ; so that 
the measure of its amount, and the laws of its geographical distri- 
bution, lie at the root of the theory of these winds. The progress 
of barometric depression on approaching the line, and re-ascension 
in receding from it, will therefore be watched with interest propor- 
tionate to its intrinsic importance during the voyage outwards and 
homewards. 

But it may very well happen that phenomena purely local, of the 
same nature, may exist, not as cause but as effect ; in other words, 
that the regular currents once established may, in particular local- 
ities, determined by the configuration of continents and by the in- 
fluence of oceanic currents, or other causes, form permanent eddies 
or atmospheric ripples, so to speak, under which the mean pressure 
may deviate materially from the general average. An instance of 
permanent barometric depression of this kind, in the neighbourhood 
of the sea of Ochotzk, is mentioned by Erman ; and a second seems 
to be pointed out in the neighbourhood of Cape Horn, by some re- 
marks stated to have originated with Captain Foster ; and it is not 
impossible that something of the same kind, but of an inverse cha- 
racter, may be found to obtain in that remarkable district of Siberia 
mentioned by Erman, where during winter clouds are unknown and 
snow never falls; and it is somewhat curious to notice that the 
localities in question are not far from antipodes to each other. 

In the outward and homeward passages of the Expedition across 
the equator (especially should the ships be delayed by calms), op- 
portunity will be presented of determining the amount of diurnal 
barometric fluctuation, apart from the interfering influence of land 
and sea breezes, or their equivalents far inland, which in all land 
observations encumber and disturb this somewhat obscure pheno- 
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menon ; as well as for ascertaining, also apart from those influences, 
the existence or non-existence of that difference between the diurnal 
and nocturnal maxima and miniina, which has been proved to exist 
in some localities, and surmised to be general*. 

Connected with the equatorial barometric depression, and the 
ascensional current of heated air which produces that depression, is 
a phenomenon which may serve to elucidate the mechanism of this 
current in its origin, as well as to illustrate the mode in which as- 
cending currents occasionally produce rain. It cannot be supposed 
that the whole body of the equatorial atmosphere rises en masse, or 
with any regularity or steadiness. Such a movement would be out 
of analogy with what we know of the movements of fluids in general. 
Its tendency to rise is general, but this tendency is diverted by a 
thousand local influences, and concentred on particular points, where 
it results in ascending columns and sheets, between which wind- 
flaws, capricious in their direction and intensity, and often amount- 
ing to sharp squaUs, mark out the course of their feeders and of the 
indraft of cooler air from a distance to supply their void. Now the 
existence of such ascending columns is rendered frequently visible 
in a very unequivocal way, by vast piled-up masses of cloud of that 
peculiar form which has been called cumulostratus, the bottom being 
flat and ill-defined, the upper parts towering to an immense height, 
and ragged with great protuberances. From the bases of these 
great cumular piles are almost constantly seen to descend those vio- 
lent showers so common in the calm latitudes. 

It would be interesting on many accounts to obtain measures, even 
if somewhat vague, of the altitudes at which the bases of these clouds 
rest, as well as of the height of their summits, and to measure the 
temperature of the rain which falls from them at successive periods, 
as they pass over the ship, so as to ascertain whether the rain which 
falls along their axis be not colder (from coming at least in part 
from a greater elevation) than that from their skirts. The vapour 
plane, in such circumstances being nearly or precisely uniform over 
vast tracts of sea, the altitude of the base of such cloud vertically 
overhead may be considered the same as that of any other favour- 
ably situated for measure. In fact the determination of the mean 
height of the vapour plane at and near the equator is one of high me- 
teorological import, and is connected by no circuitous steps with all 
the most interesting questions regarding the distribution of aqueous 
vapour over the globe and the irrigation of the continents. 

5. DlSTBIBUTION OF TsMFSBATUBB IN THB SsA AND LaND. 

Connected as this subject is with meteorology,' it requires in some 
points of view to be considered apart. As the currents in the atmo- 
sphere are produced by the difl*erence of temperature in its polar and 
equatorial regions, so it may be contended are those of the ocean by 
d^erences of temperature due to the same geographical causes. Such 

* See Reports of Met. Com. S. A. Phil. Soc. above referred to. 
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is the view taken by M. Arago in his elaborate instructions for the 
voyage of the Bonite, and it would appear undoubtedly more just than 
that which attributes them wholly to the friction and pressure of the 
winds. Nevertheless it must not be forgotten that there is an essen^ 
tial difference in the modes of action in the two cases, llie sun's 
heat is effective in heating the air mainly from below, where it is in 
contact with the earth or water which absorb the rays and commu- 
nicate them to the air above. In the sea the case is otherwise. 
The sun's rays are totally absorbed at the surface, and no ray reaches 
the bottom of any sea deserving the name. No deep stratum of 
water, therefore, can be permanently maintained by the sun's direct 
heat at a temperature greatly above what it would have independ- 
ently of its direct action. Hence the motive power in a system of 
currents so originating must be sought, not in the ascensional force 
at the equator, but in a descensional one in the polar regions, or rather 
in that one polar region in which winter prevails. The order of the 
phenomena then is precisely the reverse of what obtains in the 
atmosphere ; moreover the seat of the efficient agency is not only 
much less extensive than in the case of the atmospheric currents, but 
also subject to a semiannual sliifking from one to the other extremity 
of the earth's axis, both which causes must tend greatly to diminish 
the average energy of the effect. 

Practically speaMng, the question resolves itself into one of fact, 
which observation only can decide. Is there in the whole column 
of water between the surface of the ocean and its bed at the poles« 
as compared with a column of equal depth at the equator and in free 
communication with it, a descensional power or not ? and what is its 
amount ? These questions can only be resolved by observations of the 
temperature and saltness of the sea, at various and considerable 
depths, in different latitudes, and under a great variety of local cir- 
cumstances. The procuring such observations, and the preservation 
of specimens of the water, or the determination on the spot of their 
specific gravities, will afford a useful occupation in calms, and may 
be recommended as well worthy of attention. Theoretically speaking, 
the subject is more complicated than at first appears, since it cannot 
but be that some considerable portion of solar heat absorbed by the 
equatorial continents,— in place of finding its way out of the earth by 
radiation at the poles, in the mode of subterraneous communication 
suggested by Fourrier, — must escape through the bed of the ocean 
into its waters, and so be carried into their circulation. 

Opportunities for determining the temperature of the ocean at 
great depths must of course be rare ; but at moderate depths it can 
always be done with comparatively little trouble, and we would, 
therefore, suggest the propriety of making observations of this ele- 
ment at two moderate and constant depths (say 150 and 300 
fathoms), by the aid of a self-registering thermometer attached to a 
sounding line whenever the ship's way shall be such as to allow their 
being made with precision. 
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6. CUBRENTS OF THE OcBAK. 

These are either subaqueous or superficial, and, like those in the 
atmosphere, both may coexist at the same place, with different direc- 
tions and velocities. Of the former we know almost nothing, and 
of the latter but little compared with what would be desirable and 
most useful. The practice of daily throwing overboard a bottle 
corked and sealed with the latitude and longitude of the ship at noon 
ought not to be neglected. A single instance of such a record being 
found may suffice to afford indications of the utmost value, while the 
trouble and cost are too trifling to mention. 

As no sea can be supposed absolutely motionless, the presence of 
a shoal, by casting up at the surface water which, but for it, would 
have continued to sweep along at a greatly lower level with the ge- 
neral body of the current, must bring the temperature of the surface 
water into nearer correspondence with that below. In low latitudes 
the surface water is hotter than that below ; and accordingly it is a 
general remark, that the temperature sinks as the water shoals, or 
even in passing over banks whose depth is very considerable. If 
this theory of the phenomenon be correct, the contrary ought to be 
observed in situations where the surface water is colder tiian that 
below, as it is known to be under particular circumstances in the Polar 
Seas. In still larger tracts in high latitudes the seas have nearly a 
uniform temperature throughout their whole depth. In such cir- 
cumstances should any superficial variation of temperature be ob- 
served in passing over a shoal or bank, it could only be ascribed to 
radiation. The subject is one of considerable interest to the navi- 
gator, as the approach to land or to shoal water is indicated by the 
thermometer with a high degree of sensibility. We have before us 
recent observations of this kind, the one at entering Table Bay in 
1 834, the other at quitting it in the present year. In the former 
case the temperature fell 9° Fahr. in passing from deep water into 
the Bay ; in the latter under reverse circumstances a rise of no less 
than 13° Fahr. was experienced, the temperature of the air remain- 
ing unaltered. The last-mentioned observations being very remark- 
able, the particulars are annexed. 

Memorandum of observations made on board the Earl of Hardmcke, 

H,E,I.C.S, by Captain Henning, 

March 17th, 1839. Temperature of air at 5^ p.m., four miles from 

Cape Town 64°-0 

Of Sea 52°0 

S^ 30"* One mile north of Robben Island. Air 64°0 

Sea 57°0 

March 18th at sea. Air 64°0 

Sea ^ 65°0 

The opportunity of re-examining this point, and in general, of in- 
vestigating more closely the phenomena of temperature in the neigh- 

c 
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bourbood of the Lagullas Bank, will, of course, not be lost sight off 
hA the ships approiE^b to and leave the Cape. 

The distributiai[i of temperature over the globe must greatly depend 
on the intensity which the solar rays possess on attaining the surface 
of the earth after traversing the atmosphere in different latitudes. Ta 
subject this point to direct inqmry in a mode which after many years' 
trial has been found to give very satbfactory results, Actinometers are 
provided, and accompanied with very precise directions for their 
use. They should be observed only when the sky in the immediate 
neighbourhood of the sun is perfectly free from visible cloud. On the 
other hand, depression of temperature caused by diurnal and nocturnal 
radiation by the only means we at present possess for that purpose, — 
viz. that of thermometers blackened and exposed in reflectors to the 
sky, — will form a useful and valuable supplement to the actinometric 
researches. With a view to the collection of facts illustrative of the 
distribution of temperature on land, wherever the ships mav touch 
with a prospect of remaining some days, no time should be lost, on 
landing, in burying in the earth one or more bottles (Jilled with spi- 
rits, if there should be danger of water freezing), well packed in 
cases, or boxes stuffed with non-conducting matter, such as woollen 
cloth, pounded charcoal, &c., but so as to leave easy access to the 
neck, which should be wide enough to introduce the bulb and stem 
of a good thermometer, so as to take the temperature of the con- 
tained liquid rapidly, before it can have become altered by exposure 
in the air on taking up the bottle. Bottles so arranged should be 
buried at depths of three, six, nine, twelve, &c. feet*, according to 
the facilities of penetrating the soil, and abandoned till the time of 
departure, so as to ensure their acquiring the precise temperature of 
the soil ; and when taken up should immediately have the tempera- 
ture of the included liquids ascertained. In case of very prolonged 
sojourn, monthly readings should be taken. The temperatures oi all 
springs and wells should also be dUigently noted and registered. 

Connected with the transcalescence of the air, is the transpa- 
rency of the sea. The stimulus of the solar light no doubt affects 
the surfac^^ of moUusca at great depths, and numerous points of phy- 
sical inquiry would be elucidated if we knew the co-efficients of ex- 
tinction of the solar rays by pure sea water. As far as the luminous 
rays are concerned (or at least the chemical), the actual intensity of 
these rays at various deptiis might be very easily ascertained, both 
for direct sunshine and that of cloudy daylight, by the aid of Mr. 
Talbot's sensitive paper ; which, duly guarded from wet by varnish 
and interposition between glass plates, might be sunk, face fipwards 
in a small frame, while a portion of the same paper, cut from the 
same sheet, should be similarly exposed on deck, and partially shaded^ 
inch by inch, from minute to minute, (or for a smaller intervsd accord- 
ing to the sensitiveness of the paper) with a view to immediate com- 
parison, between decks by a light not strong enough to alter the tint. 

A simple and convenient mode of photometric measurement is also 

* These are Ihe depths adopted in Mr. Forbes's recent experiments. 
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furnished by the sensitive paper above alluded to, by the exposure 
of a small portion of it to the sun at noon for a given time, suppose 
ten seconds, and subsequent comparison with a scale of tints. Paper 
duly prepared for these purposes will be supplied for the use of 
the expedition. During solar eclipses such paper ought to be ex- 
posed at intervals of five minutes. 

The temperature of the soil under the direct influence of the sun 
as indicated by a theimometer barely covered with dry earth, is an 
element of importance to the botanist, and may be recommended as 
an apt accompaniment to actinometric observations. The thermo- 
meter used should have a scale reading at least to 180^ Fahr. 

The height of the line of perpetual snow, by whatever indications 
inarked, should also be ascertained, wherever practicable. 

7. Depth of the Sea. 

Soundings to as great a depth as practicable should be taken 
wherever opportunities may oflfer. Great difficulty, however, is well 
known to exist in the way of procuring any exact result, or indeed 
any result at all in very deep seas ; and various methods (all ob- 
jectionable) have been proposed and tried. Could any means be 
provided to keep out the water from a shell, and at the same time^ 
ensure its explosion on striking the bottom, the time elapsed, be- 
tween casting the shell overboard and hearing the explosion, would 
indicate the depth with great precision; nor need we fear that, 
if the explosion took place, the sound would not be heard, sound 
being propagated through water with infinitely greater sharpness 
and clearness than through air. To overcome &e enormous ex- 
ternal pressure, and to enable the charge to burst the shell, it is 
probable that mere gunpowder might not suffice. Should this be 
apprehended, a mixture of fulminating mercury with the charge in 
about equal proportions, would probably effect the object. At least 
we know, from experience, the vast increase of bursting power which 
is communicated to powder by such addition. It has also been sug- 
gested that an echo from the bed of the ocean might be heard, were 
a shell exploded just beneath the surface (as an echo from the earth 
is heard in the car of a balloon) ; and attempts, though imperfect 
ones, have been made to subject this proposal to trial, tiie reason of 
the failure of which does not very distinctly appear. The maximum 
depth of the sea is a geological datum of such value, that a few failures 
incurred in attempts may very well be tolerated when placed in com- 
petition with the interest of even partial success. 

8. ArUfosFHEaiCAL Phenomena. 

. There can be little need to call the attention of navigators to 
anything relating to winds, storms, lightning, &c. ; yet there are 
some points to which attention may be expressly drawn, viz. to 
such cQstribution and movements of the clouds as indicate the exist- 
ence at the same time of an upper and an under coxrent of wind 

c 2 
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moving in opposed or differing directions. In such eases, the ttm, 
moon, or a star should he taken as a point to fix the eye. In storm* ■ 
the harometer should be very assiduously noted in relation to the 
varymg phases of the gale and the changes of wind, and particularly 
to those sudden shifts of wind which characterize revolving storms ^^ 
The Council are not aware that the state of the barometer during; 
" a white squall" has ever been very carefully noted from instant to 
instant ; or that it, or the more sensitive sympiesometer, have been 
referred to during the approach and recess of a waterspout. 

The phenomena of ordinary thunder-storms may be thought to 
afford little matter for remark, and extraordinary one» will be noted 
of course. Yet there is one point to which we should wish that 
some attention might be paid, — it i& the sudden gush of rain which 
is almost sure to succeed a violent detonation immediately over-head* 
Is this rain a cause or a consequence of the electric discharge ? Opinion 
would seem to lean to the latter side, or rather, we are not aware 
that the former has been maintained or even suggested. Yet it is very 
defensible. In the sudden agglomeration of many minute and feebly 
electrified globules into one rain drop, the quantity of electricity i» 
increased in a greater proportion than the surface over which (ac- 
cording to the laws of electric distribution) it is spread. It» tension 
therefore is increased, and may attain the point when it is capable 
of separating from the drop to seek the surface of the cloud, or of the 
newly-formed descending body oi run, which, under such circum* 
stances, and with respect to electricity of such a tension, may be re- 
garded as a conducting medium. Amved at this surface, the tension 
for the same reason becomes en(»*mous, and a flash escapes. 

The following points should be observed, with a view to this 
mode of regarding the formation of lightning* Ist. The actual 
electric state of ihat rain which follows suddenly after a discharge 
originating vertically over head. 

2nd. Does lightning ever happen without rain in the immediate 
point where it originates, or at least without a rapid formation and 
increase of cloud at that point ? 

3rd. Does it ever lighten from a doud undergoing actual diminu- 
tion from evaporation ? 

4th. Do tiie cumular clouds, already noticed as continually forming 
and raining in the calm latitudes, usually or frequently send forth 
flashes ai lightning ; and if so, under what conditions, and with what 
effects ? 

Observations of Aurora will form a highly interesting subject, should 
liie Expedition be under the necessity of wintering, or of passing any 
of the later part of the season in south latitudes admitting of their 
exhibition. Their effects on the magnetic needle will of course be 
narrowly watched; but all their phenomena should be minutely 
Tegistered, such as the formation, colour, extent, situation, move- 
ment, and disappearance of arches, patches, banks, and streamers. 
In particular we would draw attention to an appearance which some- 
times occurs, and which cannot but be regarded as highly instruct- 
ive. It consists in pulsations propagated with more or l^ss swilk- 
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Bess tbroagh patches of sky of definite forms, whicH however become 
▼iaible only in successive portions, as the pulse traverses them, giving 
the idea of masses of vaporous matter not visible per se, but rendered 
fitfully so, either by a band of light cast in succession over every part 
of them from without, or by a temporary phosphorescence developed 
within their substance when traversed by Electric matter. Such 
pulsations as above described formed very remarkable features of the 
auroras of October 12, 1833, and of January IS, 1839. 

Any indication of the near vicinity of auroral phenomena, or of 
their existence at a level below that of ordinary clouds, should be 
most minutely investigated at the moment, and carefaUy and cir- 
cumstantially recorded. 

On the nights from the 11th to the 14th of November the sky 
should be watched for the periodical meteors, whose existence seems 
now to be placed out of doubt; as also from the 9th to the 13th of 
August ; and in general any remarkable display of shooting stars 
should be noted. The zodiacal light also should be observed in 
clear nights, with a view to the better defining its limits, and ascer- 
taining if it be really, as some have supposed, variable in its extent 
or lustre. Remarkable hak)?, parhelia, and other atmospheric phe- 
iftomena, should be recorded, and careful measures of tJieir dimen- 
sions taken with sextants or other instruments. 



9. Variable Stars. 

During night-watches in clear weather, in southern regions, many 
interesting observations might undoubtedly be made by any one ac- 
quainted with the constellations, or provided with a celestial map, 
as to the comparative lustre and variability of stars. Especially we 
would point out to the attention of such an observer the stars a Hy- 
drae et Crateri as certainly, and ^ Ononis as probably, variable ; the 
former at its greatest brightness being equal to e Argiis, and at its 
least equal or somewhat inferior to h Argiis, which are the best stars 
for comparison with it. Its period of change, however, being only very 
imperfectly known, additional observations would be valuable. The 
remarkable star ly Argus should also be compared with others of the 
same apparent brightness, or nearly so, with a view to*continue the 
history of its late extraordinary change of lustre. And we would 
earnestly recommend to any one who may undertake such observa- 
tions, to form a list of a certain moderate number of stars, graduating 
from the first magnitude downwards by almost insensible steps, and 
having rendered himself familiar with them, to note their arrange- 
ment in order of brightness, — ^not once only, but on a great many 
nights, forming on each occasion separate independent judgements ; 
trusting on no account to any printed catalogue, and diligently re- 
cording and preserving his memoranda. Such observations are not 
part of the ordinary business of astronomical observations, and are 
therefore neglected and abandoned to the amateur, the traveller, or 
ihe seaman in his night-watches, which they will be found to beguile 
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of mucli of their tediam, and to reward by the frequent detection of 
variable stars not previously recognized as such. 

10. Refraction. 

The determination of refractions near the horizon^ both of celes- 
tial and terrestrial objects in high southern latitudes, will form a 
very interesting subject of study. They may be pursued in various 
modes, of which perhaps the easiest is to note the disappearance of 
particular stars behind the horizontal edge of a board, erected at 
some considerable distance from a fixed point of observation, and 
then to ascertain, with all precision, the altitude of the line of dis- . 
appearance, accompanying such observation with the height of the 
barometer and thermometer. Vertical diameters of the sun or moon, 
when very near the horizon, with the corresponding altitudes, will 
also be of use, as well as measurements of the distances of two con- 
siderable stars on the same vertical, and direct measures of the alti- 
tudes of one and the same star in the progress of its diurnal course 
when near the horizon. The curve of terrestrial refraction might 
also be actually traced out by a leveling-staff. Any cases of un- 
usual refraction, mirage, reduplication and inversion of images, and 
of lateral refraction, should be recorded. 

11. Eclipses. 

In annular or total solar eclipses the optical circumstances attend- 
ing the formation and rupture of the ring should be minutely attended 
to, as well as the defalcation of light and heat, to be measured by 
their appropriate methods^ as detailed in the Meteorological instruc- 
tions. 



The solar eclipses of {J-^-y 11. 1842 



may possibly be central, or very large in some part of the progress 
of the expedition. In lunar total eclipses the occultations of stars, 
whether large or snudl, should be looked for, and any apparent pro- 
jection on the disk noticed. Great attention should also be paid to 
the intensity, colour, and distribution of illumination over the disk 
during the total eclipse, as indicative of the general state oft/ie earth's 
atmosphere in that great circle of the globe which at the moment is 
at right angles to the visual ray. 

As a summary of this Report, the Council recommend to the Ad- 
miralty to give instructions for the making and recording of the 
following observations, experiments, and researches. 

1. Magnetic observations of the inclination, declination, and in- 
tensity at sea, throughout the voyage, daily in both ships, whenever 
the motion of the vessel will permit. 

2. Precise determinations of the same particulars wherever the 
expedition may land, or disembark on ice. 

S. Most careful series of magnetometric observations, in corre- 



28 

spondence with thoerto be made at the ftxec] observatories, accord- 
ing to a plan concerted with the officers of those observatories, and 
with Pr<^e8Sor Lloyd, the particulars of which will be furnished to 
each party concerned, and distributed to all the European and other 
observatories. 

4. A circumnavigation of the Antarctic Pole, with a view to-afford- 
ing opportunities and proper stations for magnetic and other obser- 
vations. 

5. An inquiry into the actual position of the southern magnetic 
pole or poles, and the points or foci of greatest and least totid and 
horizontiEd intensity, and into the course and flguro of the isodynamic 
ovals presumed to occupy the area of the South Atlantic* 

6. The determination of the length of the invariable pendulum 
at several stations in high south latitudes. 

?• Observations of the tides, L e. of the heights and times of high 
water, made at such stations at which the ships may remain long 
enough, and at which the correct establishment is unknown. 

8. The keeping of a regular meteorolog^ical register in both ships 
during the whole voyage, and the paying attention to the pheno- 
mena of solar and terrestrial radiation, and generally to all pheno- 
mena bearing on the subject of meteorology. 

9. The temperature of the sea at the surface and at stated mode- 
rate depths should be observed as frequently as possible, and when- 
ever opportunity may occur, also at the greatest depths attainable ; 
and attention should be directed to the temperature of currents and 
shoals, as well as to its variation on approaching land. The tem^ 
perature of the soil at various depths should be taken on landing, as 
well as that of springs, welb, &c. 

10. Soundings should be attempted in deep seas, and specimens 
of the water brought up be preserved for future examination. 

11. Observations should be collected of the aurora in high south 
latitudes ; and attention directed to meteors and shooting stars on 
those occasions when experience has shown that they occur peri- 
odically in great abundance ; as well as to the appearance of the zo- 
diacal light, and other phenomena of a similar occasional nature. 

12. Observations of the comparative brightness of southern stars 
should be procured, and especially of the variable stars a Hydrse 
and ri Argus. 

IS. The amount and laws of horizontal refraction^ both celestial 
and terrestrial, in high south latitudes, should be investigated. 
14>. The phenomena of eclipses should be attended to. 
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SECTION IL— GEOLOGY AND MINERALOGY. 

The primary object of the expedition being Magnetical Research, 
— and the officers by whom Geological information is to be collected 
having various other and important duties to discharge, it is not so 
necessary to enter into detail with respect to inquiries in Geology 
and Mineralogy as if the expedition had been intended for more ge- 
neral purposes, with the probability of more time being at its disposal 
for these inquiries than its immediate objects will allow. A refer- 
ence to published instructions for collecting and preserving speci- 
mens of minerals and fossils ; — ^the indication of some general phe- 
nomena which may be deserving of attention in the Antarctic re- 
^ons ; — and the suggestion of some points of inquiry connected 
with the places at which the ships are expected to touch, will com- 
prise all that need here be stated. 

Collection of Specimens. — Under this head full directions are de- 
tailed in several publications, most of which are already in pos- 
session of Captain Ross or of his officers'*'. 

1. MiSCELLAXBOUS SUGGESTIONS. 

Rocks and Minerals, — It is now an admitted principle, that col- 
lectors should avoid rarities. A good Geological collection ought to 
represent faithfully the tract whence it has been formed. The greater 
number of the specimens, therefore, should consist of substances of 
the most common occurrence. 

All local information bearing upon geology, though at the time it 
may appear unimportant, should be recorded. 

* I. Instructions for the collection of Geological Specimens, printed and cir- 
culated by the Geological Society, 1830. 2. Instructions for the. same object, 
distributed by Professor Buckland. 3. Directions for collecting Geological Spe- 
cimens, by Dr. Fitton, subjoined to Captain P. P. King's Voyages on the coast of 
Austndia. The Council would suggest, as also deserving of attentiye perusal, the 
concluding pages in Mr. Darwin's Journal of his Voyage in the Beagle ; and M. 
Cordier's Geological Instructions for the voyage round the world of PMirolabe 
and La Z4l^e ; {Comptes Rendus, July to December 1837, p. 150 to 155) and for 
the voyage round the world of the La Bonite; {Comptes Rendust Aug. to Dec. 
1835, p. 370 to 373)— with those of Mons. Elie de Beaumont, for the Geolog^ts 
who accompanied the Fi-ench Expedition to the North of Europe, 1838 ; (Comptea 
RenduSf Jan. to June)— of which a translation has been published in Jameson's 
Edinburgh New Philosophical Journal for 1838, Vol. xxv. p. 292 to 317. The last 
of these papers contains much information respecting the Northern Regions, which 
well deserves comparison with the Antarctic Phenomena. 

In addition to the collection of Voyages which will of course be taken out, the 
Council would suggest, as connected with Mineralogy and Geology, — Cleveland's 
Mineralogy ; De la Beche's Geological Manual, 3rd edition ; Professor Phillips's 
Geology, 2 vols. 12mo, 1838 ; De la Beche's volume entitled ** How to observe;" 
Lyell's Elements of Geology ; Bout's Gtiide du G4ologue Voyageur, 12mo, 2 vols. ; 
Darwin's Journal, &c., in the Beagle; Scoreby's publications on the Arctic 
Regions ; Macculloch's Classification of Rocks ; Bakewell's Geology, 5th edition ; 
Lyell's Principles of Geology, 5th edition ; Daubeney on Volcanoes, 8vo ; the 
French translation of Van Buch's description of the Canary Islands, 4to, with a 
tolio of plates. 
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Specimens ought to be taken from different parts of rock masses. 
They should exhibit the varieties of Mineralogical character, as of 
lustre, fracture, etc. 

Every rock specimen should exhibit one weathered surface. 

If a rock be composed of different substances, specimens of each 
should be taken. 

Specimens tinged with colours, green, blue, etc., should be taken, 
as indicating the presence of metids. 

Specimens of crystals are frequent in cavities ; they should be 
sought for, and packed with care. 

Specimens should be dried, before packing finally. 

Every specimen should be numbered as soon as possible. 

Duplicate lists should be made, one of which should be placed 
in the box containing the specimens. 

For packing crystallized minerals, chip-boxes are advantageous. 
The specimens should be fixed in their boxes, as firmly as may be, 
without crushing. 

In some cases very large specimens only can fairly exhibit the 
appearances ; — as where the surface is polished, scored, or worn, or 
impressed with ripple- mark, etc. - 

The sands of rivers and of coasts are frequently the depositories of 
gold or other metals, platina, tin, etc., — or of precious stones. They 
should be well examined, and sometimes washed ; as should also the 
aUuvial detritus found in valleys, or beneath the surfiace of level plains. 

Specimens of Fossils — should always be accompanied with part of 
the rock in which they occur, whether stone, clay, or sand, &c. 

All fosals, without exception, may be brought home, in large 
number and quantity. 

When fossils occur in sand or gravel, note their condition as to 
freshness or decomposition; whether they resemble those of the 
adjacent coast or seas; the mode of their occurrence; whether 
regularly interstratified with clay or stone; in patehes, or conti- 
nuously, on the sides of hills, or of cliffs, and at what altitudes 
above the sea. 

State whether the fossils found in any given situation are all 
marine, terrestrial, or fluviatile ; mixed, or in distinct groups ; and, 
if mixed, in what proportions. 

Observe whether there be any intermixture of fresh-water and 
marine shells in bodies of water near the shore, or in lakes at a 
distance from it. 

Inquire whether bones of mammalia occur among them. 

Note the brackishness of the water; — ^whether it communicates or 
not with the sea. State any differences of the animals from those 
of purely fresh, and of salt water. 

Observe carefully the position of fossils in the beds which afford 
them. If corals, whether vertical or inclined ? If shells, are they 
disposed in layers parallel to the strata ? 

Notice whether testacea are carried up to cliffs by birds ; the quan- 
tity of shells thus accumulated, and their state of preservation. 
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Notice the relative numbers of sliells of the same species on the 
shores. 

Seek for and preserve all traces of fossil bones. 

Be careful to ascertain that they are imbedded in the alluvium^ 
not loose or intermixed with the recent detritus. 

If any bones should be dredged up, note the place of their occur- 
rence, ktitude and longitude, its distance from any great rivers, 
whether within currents. 

Bones in caves, — ^Examine the materials forming the bottom of 
caves for bones. 

Bone^hreccia, — Search for this in crevices. 

Observe all indications of coal, and collect specimens ; note any 
traces of vegetable impressions in the rocks, and preserve them 
carefully. 

Seek with the microscope for infusorial animals, both in a fossil 
and recent state. 

Coral reefs, — Attend to the structure and appearance of coral 
reefs and islands. See, on this subject, Lieut. Nelson's Paper " on 
the Geology of the Bermudas." — Geol. Trans. 2d Series, Vol. V., 
p. 103—123. 

Ascertain to what depth below the surfieu;e of the sea they extend, 
and, if possible, on what basis they rest. 

Ascertain how far south they are found to occur. 

Floating or drift wood and plants, — Record the distance from land, 
the latitude and longitude at which they are observed ; their state 
of preservation ; the position of the trees, if upright ; if with their 
foliage or fruit. 

Islands. — Examine all islets and detached rocks, and ascertain if 
they consist solely of one description of rock, or of beds of different 
composition. Take numerous specimens from the antarctic islands, 
with notes of position, &c. 

Examine how far islands of the same group correspond in form, 
and in the direction of their hills and valleys. 

When numerous islands are composed of the same material, ex- 
amine whether there is any difference observable in the nature of 
the detritus, or gravel upon their surfaces. 

Inquire what effect wind has in the formation or enlargement of 
land in southern latitudes. 

Elevation of land, — Observe appearances which indicate the ele- 
vation of land, as the high inclination, curvature, fracture, and open 
fissure of strata: sketches should be made where these are re- 
markable. 
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E&deavour to ucertain Aether the lines or ridges produced by- 
such elevations are continued to any great extent; and, if more than 
one such ridge be found, whether tiiey are parallel. 

In all islands, seek for traces of gravel and sea beach, at points 
above the present level of the sea. Measure, or estimate, the level 
of such places. 

Terraces^ — Record all indications of terraces, in valleys or along 
sea coasto; the extent to which they may be traced; whether 
horizontal or inclined, — ^interrupted, or traceable at intervals. If 
more than one line of terrace occuis in the same valley or cliff, 
determine or estimate their elevation above the sea, and the vertical 
distance between each terrace ; examine the materials of which they 
consist, whether of shingle, sand, or clay ; whether they contain any 
remains of testacea, and if so, whether the shells are marine or 
of fresh- water.' 

The elevation on the coast of Chili after the earthquake of 1802, 
has been questioned by MM. d'Orbigny and Gay ; {Comptes Rendus, 
1837, page 154.). Seek for evidence on this question. 

Depressions of the land. — ^Notice carefully all indications of sub- * 
sidence of land ; — as of the tide reaching deserted houses, or other 
human works partially or wholly exposed at low water. Whether 
beds of peat, or stumps of trees, are exposed during any state of the 
tide, or can be seen constantly covered with water. In making these 
observations, attend particularly to the outline of the coast ; and state * 
whether these indications occur in estuaries, bays, or along straight, 
open shores, free from sand-banks. 

Structure and forms of land, — Make drawings, as often as pos- 
sible, of the land seen, whether visited or not. Where the apparent 
outline and structure of hills or lower tracts are the same, a few 
specimens from any one place will often indicate the general com- 
position of the region. 

Make profiles of the land and sea coasts; colour the latter, if 
possible, according to their composition : colour also, should oppor- 
tunity peniiit, the coast views which accompany charts. 

Attend, on all occasions, to the gradual or sudden deepening of 
the sea ; also to the soundings of previous navigators, and note if 
there be at present any difference. 

Make profiles of the soundings, and mark on them whatever the 
lead may bring up ; if living shells, note on the label of the spe- 
cimen the depth, nature of the bottom, latitude and longitude, di- 
stance from the nearest coast, &c. 

If an opportunity offers of studying alluvial deposits, mark whe- 
ther the beds of detritus are horizontal or inclined; if accumu- 
lated against abrupt cliffs ; the manner in which the materials are 
disposed, whether horizontally or in sloping beds. 

Obtain all the information possible respecting the increase of 
sand-banks, or the destruction of cliffs and ii^ands. 

If shoals or banks are discovered at a distance from land, procure 
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as large a quantity as possible of the materials, to determine haw 
far the shoals may have been formed by volcanoes. 

If rocks or shoals, not previously noticed, should be discovered in 
seas frequently visited, carefully examine them ; and if rocks and 
shoals, said to exist* should not be found, obtain, if possible, sound- 
ings, and preserve whatever the lead brings up. 

It will be desirable, M. Cordier remarks, (Comptes Rendus, 1835, 
pp. 371,372.), whenever an expedition is stationary, not only to connect 
the specimens and observations, but to attempt, if possible, a mono- 
graph of one or more hills or mountains considered as characteristic 
of die region where they occur. With this view, specimens should 
be taken from a//, or a great number of the beds, from the bottom 
to the summit, with exact notes of their thickness ; and a sketch 
or section should be made, marked with numbers corresponding 
to the place of the specimens respectively. 

The last obseiTation applies to specimens collected from cliffs : — 
of which illfistrated sections, widi their corresponding series of 
specimens, should be made as often as possible. 

Note the thickness of the beds, the dip, including the angle and 
direction ; observe whether they be traversed by fissures ; and the 
direction of the fissures with regard to the compass. If more than 
one set of fissures, note the direction of each set. 

Stratification and chavage.'^'WheTe a cliff consists of beds of differ- 
ent materials, as sandstone, sand, clay, limestone, or slate, the change 
in the mineral character denotes the lines of stratification ; if these 
beds are traversed ^ore or less obliquely by fine cracks, or lines^ 
these are indications of the cleavage of the stone. 

This is an important character, and great care should be taken to 
distinguish it from stratification. A paper by Professor Sedgwick 
in Geol. Trans. 2d Series, Vol. III. ought to be consulted upon this 
subject ; and endeavours should be made to determine whether the 
uniformity there pointed out, in the magnetic bearing of the cleavage 
pianes, exists in the southern regions. 

Floating masses of ice, — Note their position with respect to lati- 
tude and longitude, and the stony or earthy materials which may be 
found upon or within them. 

On the shores of islands, or on coasts much exposed to the action 
of floating icebergs, observe what effect is produced on the surface 
of the rocks by their friction. 

Inquire if there be reason to believe that icebergs, when aground, 
stir up and disturb the sediment, or otherwise affect the bottom. 



2. Ebsatic Blocks. 

This name has been given to masses of rock often found loose 
upon the surface, which commonly differ from the stone of the 
country^ imd are sometimes very distant from rock masses like 
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themselves. Seek for these, especially in islands, or at places above 
the present level of the se4. Take specimens of them ; note their 
form, whether irregular, rugged, smooth, or polished ; their com-r 
position, whether like any known masses seen elsewhere ; if differ- 
ent from that of the rocks in the adjacent country ; whether the 
rocks on which they rest are furrowed; if most numerous on the 
summits of ridges, or m valleys ; if arranged in any order; if more 
numerous in one part of a ridge or valley than in others. 

Great erratic blocks are said to occur on the shores of the New 
Shetland Islands, consisting of granite, which is not found to com- 
pose the adjacent rocks. — SeeCordier's Instructions. — {Comptes Ren* 
dus, 1837, pages 152-154.) 

See the Account of an American Expedition of Discovery to the 
Sout|i Polar Regions in 1830. 

For an account of the blocks in the glaciers of Spitzbergeu, see 
De Beaumont's Instructions. — (Comptes Rendus, 1838, p. 22.) 



3. Volcanic Phrnomena. 

Record all indications of recent volcanic character; jets of 
smoke ; of flame by night. 

Connect the places where these are observed with the nearest 
observations of latitude and longitude. 

In volcanic countries, or those liable to earthquakes, record all 
the remarks of the natives, and note particularly whether the people 
are silent with tespect to changes of level. 

Observe indications of extinct, and of quiescent volcanoes. If 
vapours issue from the earth, observe their effects on the adjacent 
rocks, and procure specimens of the altered and unaltered stone ; 
note the distance to which the change extends. 

Where volcanoes are actually in eruption, record accurately the 
date and duration of their paroxysms ; and, when the intensity va- 
ries, note the time of the greatest violence, and contra. 

Ascertain whether Neptunian substances are to be met with amid 
the detritus of volcaiuc islands ; or volcanic substances amid the 
detritus of coral islands, &c. 

Among the ejected masses, both of active and extinct volcanoes, 
many crystalline minerals may be expected. The masses should be 
broken, and closely examined with a view to their discovery. 

All the lavas of existing currents, — volcanic glass, obsidian, pu- 
mice, &c., should be carefully observed, collected, and examined for 
crystals. 

Phenomena indicating former earthquakes should be carefully 
inquired after, and noted ; and, in inhabited countries, an attempt 
should be made to ascertain the traditions on this point. 

If dykes of lava, or of trap, traverse other rocks, ascertain 
whether any changes have been produced in the latter. Obtain 
specimens of the dykes, and of the altered and unaltered rocks. 
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Minerat springs, hot springs, — Note tbeir occurrence, the rocks 
from which they issue, and obtain a large bottle of the water ; also 
specimens of the sediment deposited by them. Record their tem- 
perature ; the volume of water thrown out ; whether they are uni- 
form, or intermittent; whether gas be disengaged from them. 

4. Hbads op IwauiRT at Specific Placks. 

Cape de Verd Islands, St. Jago, — ^There is a calcareous stratum 
near Porto Praya, containing fossil shells, which appear to be all of 
recent species ; a full collection of these would be highly desirable. 
This stratum extends, in a nearly horizontal line, for several miles 
on each side of the port. To ascertain the limits of the stratum and 
its general horizontality at distant parts of the coast would be very 
interesting, as affording proof of an equable elevation of a volcanic 
island of not large dimensions. Some square- topped hills at the 
distance of a few miles from the coast, belong to a more ancient 
period than the volcanic rocks of the shore ; their stratification and 
form indicate that they form part of a grand circle, which would 
come under the class of the so-called " craters of elevation." If the 
geologist has opportunities of visiting places distant from the vessel, 
the relation of the^e hills to the general structure of the island will 
be highly deserving of his attention. 

St, PauTs Rock, — Compare this place with Mr. Darwin*s descrip* 
tion. — (Journal, pp. 7, 8.) 

St, Helena, — The beds of mould, which contain abundant land- 
shells, on the flanks of Flagstaff-hill, are deserving of close attention, 
as probably several species, and perhaps even bones of birds, may 
be discovered in them. 

Mauritius, — It has been the opinion of several naturalists who have 
visited Port Louis, that the mountains in that neighbourhood form 
part of an enormous *' crater of elevation." The examination of 
the stratification of the hills (Mount Bamboo) on the western and 
southern sides would decide this question, and would afford pro« 
bably some most curious results. If the geologist can ascertain in 
what part of the island the bed was discovered, which contained the 
bones of a land tortoise (a collection of which would for several 
reasons be very interesting),— -and of the Dodo, he wiU of course 
carefully examine it. 

Isle of Bourbon, — In an old French book of travels, (" Voyage 
par un Officier du Roi") it is said that there are appearances in the 
land here, which indicate that the sea formerly ocoupied a higher 
level. 

K^guelen^S'Land, and neighbouring islets. — Geology wholly un- 
known. Do there exist any proofis of the recent elevation of this 
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land ? The presence of erratic boulders fihould be carefallj sought 
for ; also of the " Moraines *' of Glaciers, or any appearances indi- 
cating a lower descent of glaciers in former periods than at present. 
It is doubtful whether glaciers descend to the sea-coast of the 
island during winter. 

The Entire Fauna, although probably exceedingly limited, of 
these islands — situated between Africa and Australia, and so far dis- 
tant from other land, is well worthy of the greatest attention, as 
serving to throw light on the geographical limits of certain f jrms« 

In Cook's third voyage (4to, vol. i. p» 5 1 to 90), a copy of which 
"will be in the ships, a map of some detail is given of the north- 
eastern coast of Kerguelen's Land ; with a plate exhibiting three 
views of the land near Arched Point» and two more distant views 
which include an extensive range of mountains. In the former of 
these views it will be perceived that some of the land near Arched 
Point is arranged in terraces, apparently consisting of strata nearly 
horizontal, with almost vertical cliffs on escarpments. The more 
distant views and the map show, that some of the mountains are 
lofty, and disposed in one or more ranges. Observations relating to 
these mountains ; their heights above the sea ; an account of their 
general structure, composition, the direction, inclination and clea- 
vage of the strata, — with a full collection of specimens, and 
views and sectional sketches of the coast, will be of the highest in- 
terest. As the expedition will probably remain at Kerguelen's Land 
for several days, an opportunity will be afforded of reaching the in- 
terior as well as the mountains near the coast, and of obtaining an 
extensive collection of the rooks, and, probably, of ascertaining se- 
veral points of structure. In a more recent map, by the Captain 
of a South Sea whaler, dated in 1 799, (now in the Hydrographer*s 
Office,) it is stated that some of the mountains are covered with 
perpetual snow. If this be so, the determination of the height of 
the show line will be of great value. 

Van Diemen's Land. — The prevailing strata near Hobart Town 
contain shells resembling those of our carboniferous series ; a full 
collection of these, especially from some distant part of the island 
(as the formation extends to the northern shores), would be very in- 
teresting. About a mile north of Hobart Town there is one small 
quarry of travertine limestone (burnt for lime), which contains the 
leaves of plants not now found in tliat country ; it is said that shells 
(and bones ?) have, though rarely, been found in it : these, especially 
any bones, and the leaves, are deserving of careful collection. On 
the shores of Storm Bay there are obscure appearances of a raised 
beach. Some miles east of Hobart Town there is said to be a great 
accumulation of oyster shells, which have been quarried for lime. 
Ascertain if all these shells are of recent species. In the northern 
parts of the island large caverns are said to exist in the limestone for- 
mation : the great probability of their containing fossil remains need 
scarcely be alluded to ; and if any be discovered, their high interest, 
as compared with the extraordinary fossils brought by Sir Thomas 
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Mitcl^ell from Australia, is certain. No coal plants have yet been 
sent from the coal strata of Van Diemen's Land. 

New Zealand. — On the banks of the valley of the Thames river 
parallel terraces are said to occur : inquire into their origin. Oa 
several parts of the coast there are large accumulations of sea- shells; 
inquire if all these were brought thither by the natives, or if they in- 
dicate a change of level. — Inquire if New Zealand was always as 
barren of terrestrial mammalia as at present. — ^The modem tertiary 
deposits which are said to exist on tiie coast should be most care- 
fully examined. 

Latid in the Antarctic Regions. — ^The officers engaged in the ex- 
pedition will feel that every thing, from any part of the Antarctic 
Regions, — whether specimens of rocks, or of fossils, or recent shells, 
or information as to geological structure and phenomena, is of the 
highest interest. 

In very high southern latitudes, the discovery of coal, and espe- 
cially of shale with impressions of plants, would be of great interest. 
These have been discovered in high northern latitudes. 

If any slate rocks occur in the islands south of South America, 
examine whether their cleavage presents an uniform direction, such 
being remarkably the case in Terra del Fuego. 

Staten Island. — Captain Foster remarked, that at the north- 
western extremity of the mouth or entrance of North Port Hatchett 
there are extensive beds of graphite, or black lead, of a good and fine 
quality ; and that the roofs of the large caves are composed almost 
entirely of this substance. It would be very desirable to obtain spe- 
cimens. 

South Shetland Isles. — At Deception island, it is said, volcanic 
ashes have been observed alternating with ice. 

The existence of burning volcanoes in high southern latitudes 
would establish the universality of their occurrence over the whole 
globe. Jan Mayen's Island (North lat. 7 1°) is a volcano still in 
activity. — See Scoresby. 

Ascertain whether there are in any parts of the shores of the Ant- 
arctic regions, cliffs of mud and gravel, permanently frozen, for a few 
feet below the surface, such as are found on the shores of the Arctic 
sea. — [See Dr. Buckland's Geological Appendix to Captain Beechy's 
Voyage.] 

The acquisition of fossils, whether animal or vegetable, in high 
southern latitudes, is of the highest importance to geology. 

Icebergs. — Compare, generally, the phenomena of Icebergs and 
Glaciers in the antarctic regions, with the accounts given of those 
in the north. — See on this subject the works of Scoresby ; also De 
Beaumont's instructions. — (Compies Rendus, 1838, p. 21.) 
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Section III.— BOTANY AND VEGETABLE PHY- 

SIOLOGY. 

The duty of the Botanist should be, to collect specimens and pre- 
serve evidence concerning every department of Botany and Vegetable 
Physiology, not merely in illustration of these subjects as branches 
of science, but with reference to purposes of general utiUty. 

The vegetation of the Antarctic regions and of the most southern 
countries which the expedition may visit, should be an object of 
especial attention, for however sterile and uninviting a place may 
appear to be, it is most desirable to know exactly what plants those 
regions produce. Here, therefore, and at all other places, as com- 
plete an herbarium as possible should be formed. At Kerguelen's 
land, of which the Flora is so little known, this is especially neces- 
sary : even at St. Helena, the Cape of Good Hope, and Hobart Town, 
carefully as the botany of these places has been examined, a dried 
collection of plants should be made, especially of the lower orders of 
phsenogamous vegetation and of aquatic and submersed plants, 
whether of fresh or salt water. Fungi also, and Rhizanths, should 
be diligently sought for, and all those minute species of cryptogamic 
plants which are parasites. 

Though but little accession to our knowledge of Systematic Bo- 
tany can be anticipated at any of the principal stations of the expe- 
dition, many new and interesting facts may be collected in Physio- 
logical Botany, if anomalous forms of vegetation be examined, as 
concerning these so little that is positive has as yet been ascertained 
in foreign countries. Collections should be made of the stems of Ca- 
suarinas, Urticaceous trees, and of twining woody plants, the internal 
structure of which is frequently at variance with the ordinary plan 
of vegetable formation. Diligent search should also be made for 
cases of the occurrence of the embryo buds of Dutrochet. It is 
probable that attention skilfully directed to these last productions 
will throw light upon some of the most obscure points of Vegetable 
Physiology. Most of the specimens of this kind may be preserved 
in a dry state ; but as some will require to be kept moist, it is re- 
quisite, for this purpose, that the Botanist should be supplied with 
bottles, jars, acetic acid and spirit. 

Attention should be especially directed to the distribution of re- 
markable species in each country, regard being paid, in particular, to 
the elevations at which they are found, and the soils which they seem 
to prefer, where preference is observable. Connected with this topic 
are the limits to which cultivated plants extend, and the circum- 
stances under which they succeed or fail. In noting points of thlo 
nature, facts concerning the commoner species will be interesting, 
because they are so frequently neglected, and because of the evi- 
dence as to climate which they may be expected to afford. In the 
absence of this kind of knowledge, it is difficult for persons here to 
judge correctly respecting the kind of plants it may be desirable to in- 
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troduce into another country. Bhould the causes of failure or of suc- 
cess in the cultivation of particular plants be apparent, they ought 
to be noted down. As an instance of the importance of this branch 
of inquiry, the Vine at the Cape of Good Hope may be mentioned : 
the bad quality of Cape wine, with the exception of that produced 
at the farm of Constantia, is well known : can any physical cause be 
assigned for this circumstance ? If exotic plants are commonly cul- 
tivated with apparent success, they should receive particular notice ; 
European Oaks, for example, are common about Cape Town, where 
they are planted for their shade ; the species to which they belong, 
and the effect of that climate upon their growth, and the quality of 
their timber, are points deserving of attention. 

The original Flora of St. Helena should be fully investigated 
and carefully distinguished from that which has been gradually 
formed there by the introduction of numerous plants from various 
countries. The association of plants in this island will be found 
extremely curious, and the circumstances which enable species of 
very different habits to flourish equally well in the same place, not- 
withstanding their constitutional diversity, are deserving of particu- 
lar attention. A very detailed catalogue should be formed of these 
exotics, the degree in which they are affected by their new country 
should be observed, and an attempt be made to discover the causes 
which are favourable to the maintenance of so singularly mixed a 
vegetation in so small an island. Such a catalogue, if well prepared, 
may be expected to illustrate many diiEcult and important questions 
which are connected with the relation borne by vegetation to cli- 
mate. 

Both at St. Helena and Hobart Town, Tree Ferns will be found : 
those in the former place have the stems destitute of external fibres 
except near the ground, while the Tree Ferns of Hobart Town are 
thickly covered with similar fibres from the very summit. The origin 
of these fibres and the circumstances under which they are produced, 
are unknown, and should, if possible, be determined ; indeed, the 
manner of growth of these plants in all other particulars is an in- 
teresting subject for careful investigation, as are also the circum- 
stances under which this tropical form of vegetation is produced 
upon Mount Wellington. In the event of the expedition visiting 
the southern part of New Zealand, it should also be ascertain^ 
under what conditions the Tree Ferns that exist there extend so far 
beyond the usual geographical limits of such trees, and also whether 
they are not accompanied by other forms of an equally tropical 
character. 

The northern coast of Van Diemen's Land being in many re- 
spects clothed with a different vegetation from the south side, it is 
desirable to notice the peculiarities of each. At Emu Bay, there 
exists the Gunnia australis, an orchidaceous epiphyte, which is far 
to the southward of the general range of plants of that kind. It 
will probably be found that this apparent exception to general rules 
is dependent upon some local peculiarity of climate. Possibly other 
species with similar habits occur on the same line of coast ; they 
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shoald be sought for, and particular attention should be paid to the 
plants with which the orchidaceous epiphytes are associated. 

A principal object of inquiry should be, plants yielding useful 
products of all kinds. It is in this way only that the resources of 
foreign countries can be ascertained, and it is presumed that in an 
expedition which will be stationary for considerable periods of time» 
such inquiries can be easily made. Under the head of useful 
products the following may be particularly mentioned : 

1. Dietetical, medicinal, and poisonous agents of all kinds. The 
nature and action of the poisons employed by the natives of many 
countries are but slightly known. 

2. Dye stuffs. Attention should be paid, especially to obtain 
Lichens, as substitutes for iiieRocceUa tinctoria, now becoming scarce, 
and consequently very valuable in European commerce. The fitness 
of these plants for this purpose may be approximately ascertained 
by Hellot's lichen test, which is as follows : digest the lichen at 
a temperature of 130^ F. for a few hours, in a weak solution of am- 
monia, but sufficiently strong to be tolerably pungent One that is 
fit for the dyer will yield a rich violet red liquid. 

3. Astringent substances adapted /or tanning. It is desirable to 
ascertain with accuracy the source of the various astringent extracts 
imported from New Holland and the neighbouring parts, and which 
are employed by the tanners of this country. 

4. Fibres adapted for cordage and weaving. Substitutes for Hemp 
are very desirable. Great strength, flexibility and freedom from 
injurious influence in working are three essential qualities of good 
hemp. 

5. Information respecting the source of many of the ornamental 
woods imported from the southern hemisphere is very imperfect. 
It is desirable, therefore, that inquiries be made on this subject as 
well as for new kinds of wood. 

6. Gums, resins, volatile oils, fecula. Especially the source of 
some resins brought to this country from New Holland, and which 
are analogous in some properties to the yellow resin of that country. 

In forming collections of such objects, especial care must be taken 
when collected to number alike both the products and the plants 
by which they are furnished, and to note whatever can be learned 
concerning them, more particularly with regard to their abundance 
and the facility with which they can be procured. It is also ne- 
cessary that the observations made by the Botanist himself should 
be carefully distinguished from such information as he may receive 
from other persons. 

No opportunity is to be lost of collecting information respecting 
the source and mode of preparation of any vegetable substances 
known in commerce ; for many exotic products, even those with 
which we are most familiar, have many points connected with their 
natural history deserving attention. 

The vegetation of South Shetland cannot be expected to furnish 
much that can be made available for purposes of commerce, except 
Lichens. With respect to these plants, however, it is possible that 
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species fit for the purposes of the dyer may be found in those 
southern latitudes; and if such should prove to be the case, an 
additional source of profit may become available for the South- 
sea traders. 

Where the native names of useful plants can be correctly ascer- 
tained, they should be preserved ; but care must be taken to avoid 
error in tins respect. Implicit credit must not be given to the 
statements of individual natives ; it is only by comparing the sepa- 
rate evidence of different persons, that correctness can be expected. 

Collections should be formed of the seeds and bulbs of useful and 
ornamental plants wherever opportunities occur, and they should be 
forwarded to Europe from time to time. It is also recommended 
that duplicate collections be transmitted to the Supreme Govern- 
ment at Calcutta for distribution among the botanical gardens 
of India. In packing these collections, the best method is to en- 
close each kind of seed in separate packets of brown paper, which 
should be placed loosely in canvas bags, or in boxes with holes in their 
sides, and arrangements should be made for their being transmitted 
in a cabin, or some well-ventilated part of the ship. Among those 
seeds which it is more particularly desirable to procure, may be 
mentioned the arborescent Compbsitae of St. Helena, and the na- 
tive Coniferous plants of all countries, particularly the Phyllocladus 
or Celery-leaved Pine, and the various species of Athrotaxis inhabit- 
ing the mountains of Van Diemen's Land. As the seeds of such 
plants are apt to suffer from long keeping, and as other instances 
may occur when it would be desirable to send home young plants 
instead of seeds, it would be advisable that the expedition should 
be supplied with one of Mr. Ward's glazed cases, to be used if oc- 
casion should arise. 

Light is an agent which operates so powerfully upon plants, de- 
termining the amount and even nature of their secretions, and in- 
fluencing in the most essential manner their vital actions, that it 
would be most interesting to obtain, if possible, some good pho- 
tometrical observations. The extreme and mean temperatures of 
the atmosphere, its humidity, the quantity of rain, and the tempera- 
ture of the earth immediately below and within a few feet of the 
surface, have also a direct and important bearing upon Vegetable 
Physiology, especially when considered with respect to the distri- 
bution of plants, and the arts of cultivation. Observations upon all 
such points tend to explain the connexion which exists between 
vegetation and climate, and should be introduced by the Botanist 
into his report, notwithstanding that they also occur in the Meteoro- 
logical Journal. 

If the observations here recommended be briefly noted in a ta- 
bular form, and at the time that they are made, the registration 
of much useful matter which might otherwise escape recollection, 
will be secured, and a valuable document formed for future reference. 

In conclusion, the Council most particularly recommend that 
the Botanist to the expedition be directed to number all the objects 
coilected by him in one consecutive series ; that the dried speci- 
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mens, seeds, woods, and productions of all kinds, shall correspond 
in number with the plants producing them ; and that two complete 
collections be prepared for Government, of which one shall be for 
incorporation with the general collections belonging to the public, 
and the other be preserved separately, to illustrate the botany, &c., 
of the expedition. The Council also recommend that both these 
collections be delivered up within six months after the return of the 
expedition ; and, finally, that a report upon the botanical results of 
the expedition be furnished to Government within six months after 
its return, every plant or object mentioned in the report bearing 
the number of the specimens in the collections to be delivered up 
as above recommended. 



Section IV.— ZOOLOGY AND ANIMAL PHY- 

SIOLOGY. 

1. Marine Invertjbbrata. 

The animals which it is desirable to j^reserve, and which may first 
present themselves to the notice of the naturalist in the present ex- 
pedition, are the floating marine MoUusca and Crustacea, and those 
which inhabit the Sargazzo or Gulph-weed. 

With respect to the Mollusca, all the species of the Cephalopoda 
or Cuttle-fish tribe, and all the Pteropoda or lower organized floating 
Mollusca, should be preserved. If taken alive they should be allowed 
to die gradually in sea water, by which means they commonly remain 
in a relaxed state, and display more of their natural outward form. 
When dead they should be soaked for a short time in fresh water, 
and then put into spirit ; 0r if transparent, in the saline solution*, 
to prevent decomposition, which otherwise rapidly takes place. 

To each specimen should be attached a number, stamped on sheet 
tin, corresponding to the entry-number in the Catalogue, in which 
should be noticed the kind of locomotion, or other vital phenomena, 
and the colour of the living animal, the latter being speedily altered 
or lost in the preserving liquor. The larger Crustacea will be liable 
to become putrid in spirit, unless the soft mass, which fills a large 
portion of the body, consisting of the liver, &c. be removed. Each 
specimen of this class, excepting the very minute ones, which will 
be best preserved in small phials or glass tubes, should be wrapt in 
a piece of very soft, thin linen or cotton cloth, to prevent the legs 
from being intermixed or lost, as they are very likely to fall ofi^ after 
having been a»short time in spirit. 

* Common salt 1 part. 

Alum 2 parts. 

Boiling water 10 parts«- 

Filter the solution when cold. 
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A very important object of investigation is the development of the 
Crustacea, from the earliest period at which they can be observed to 
the perfect state. They may be readily examined' even before they 
leave the egg, by opening the egg under a single microscope. 
Drawings of fiiese changes are very desirable, and when practicable 
the eggs and young ones in different stages should be preserved in 
spirit in short glass tubes. The smaller oceanic Crustacea offer a 
prolific and hitherto unexplored field of investigation. 

Among the floating Mollusca likely to be met with in the tropical 
latitudes is the Spirula, a small Cephalopod with a chambered shell. 
An entire specimen of this rare Mollusk is a great desideratum ; and 
if it should be captured alive, its movements should be watched in a 
vessel of sea water, with reference more especially to the power of 
rising and sinking at will, and the position of the shell during those 
actions. 

The chambered part of the shell should be opened under water, 
in order to determine if it contain a gas ; the nature of this gas 
should likewise, if possible, be ascertained. As a part of the shell 
of the Spirula projects externally at the posterior part of the animal, 
this part should be laid open in the living Spirula, in order to ascer- 
tain how fjEur such mutilation would affect its power of rising or 
sinking in the water. In the event of a living Pearly Nautilus (Nau^ 
tilus Pompilius) being captured, the same observations and experi- 
ments should be made on that species, in which they would be at- 
tended with more precision and facDity, as the species is much larger 
than the Spirula, and its shell external. The towing-net should be 
kept overboard at all practicable periods, and drawn up and examined 
at stated intervals, as some of the rarest marine atiimals have been 
taken by thus sweeping the surface of the sea. 

A sketch or drawing of Molluscous and Radiate animals, of which 
the form and colour are liable to be materially altered by death, or 
when put in spirit, will aid materially in rendering the description 
of the species useful and intelligible. The Echinodermata and As- 
terias echinus, and similar forms, should be soaked in fresh water 
previously to their being put into spirit. 

Care must be taken not to crowd too many soft-bodied Inverte- 
brata in the same bottle, and to change the spirit or preserving liquor 
at least once, if not oftener. 

2. Fishes. 

The mode and speed of swimming, living colour, temperature, 
and any other peculiarity, should be noticed before placing the spe- 
cimen in spirit. 

In very large specimens of the Shark or Ray kind, a section of the 
jaws, with a part of the vertebral column, should always be pre- 
served as wet preparations, and the remainder of the jaws and ver- 
tebral column in a dry state. The eyes, eyelids, and part of the 
surrounding skin should be preserved in the saline solution. In less 
bulky specimens the entire head should be taken off by dividing the 
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fish below the heart across the upper part of the liver, by which 
means the mouths of the oviductSy if it be a female, the heart, gills, 
and head are all preserved together. 

The tail of a Shark may be taken off a little below the anus, and 
the trunk alone preserved for examination. If the trunk be too lai^e, 
it should be cut through above the pelvis, and the parts contained 
in the hinder portion, as the claspers of the male, should be pre- 
served in spirit. If the specimen be a female, separate the two ovi- 
ducts through their whole length, where they run along the abdo- 
men, on each side of the spine, but keep them.attached to the cloaca 
and its surrounding parts. 

If i^th young, or eggs, take the whole out in the same way with- 
out opening ihe oviducts. 

The heads of all fishes should be preserved, when the specimens 
are too large to be preserved entire. 

All external parasites, and those which infest the gills of. fishes, 
should be preserved. The alimentary canal should, in all cases, be 
examined for the presence of the entozoa, which, if adherent to the 
coats of the intestine, should be preserved with the part to which 
they are attached. One of the most interesting fishes of the South- 
em Seas is the Port Jackson Shark {Cestracion Philippi). Mode- 
rate sized specimens of this species should be preserved entire : and 
the head, vertebrae, with the dorsal spines, viscera, and especially 
the impregnated oviduct, should be preserved. The Southern Chi- 
msera (Callorhynchus antarcticus) merits also the especial attention 
of the Naturalist, and the same specimens of this species should be 
preserved as of the Cestracion. 

3. RSFTILBS. 

Specimens of Turtle should be carefully examined for parasitic 
animals; a curious Barnacle (Ckelonobia) and a Leech {Hirudo 
branchiata) are occasionally found adhering to these marine Reptilia. 

In the event of the expedition touching at the Galapagos Islands, 
specimens of Amblyrhynchus, a lizard of marine habits, should be 
secured, and the particular locality of the capture noted. 

4. Birds. 

The Chionis or Sheath-bill of the Falkland Islands and Cape Horn. 

The Great Penguin {Aptenodytes) . 

The Penguin of the Isle San Lorenzo. 

Of these rare and desirable birds, besides the prepared skins, the 
entire body should be preserved in spirits for anatomical purposes. 
The young of the Great Penguin, and the eggs at different stages 
of incubation, should likewise be similarly preserved. 

5. Mammalia. 

The skulls, skeletons, and viscera of a specimen of each species of 
the Cetacea of the Southern Ocean are worthy of being preserved. 
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With respect to the Sperm Whale, an entire foetus, or, if of large 
size, the hrain, eyes, pharynx, larynx, and blow-holes, and the vis- 
cera ; a part of the impregnated uterus ; the ovaria, and a portion of 
the membrane of the foetus ; are all parts worthy of preservation. 

The same observations apply to the great Elephant- Seals (Phoca 
(Cystophora) proboscidea) ; of which the skull and skeleton of both 
male and female are very desirable. 

The skulls or skeletons of all the species of the Southern Seals 
should be preserved, the sex being noted. 

6. In Parti culab Regions. 

In Australia or Van Diemen's Land the following species are more 
especially worthy of attention. 

Thylacinus Harrisii, Hyaena of the Colonists. 

Of this species, the skeletons of male and female, detached skulls, 
an entire specimen in the saline solution for dissection, the viscera, 
and more especially the impregnated uterus, and a young specimen 
for the changes in dentition are particularly desirable ; such speci- 
mens not having been as yet transmitted to the museums of this 
country or on the continent. 

The skeletons, skulls, and female organs of every marsupial qua- 
druped, and of the OrniiAorhynchus and Echidna (or Porcupine of 
the Colonists) should be preserved. 

The smaller Mammalia of Australia, whether Marsupial or Rodent, 
should be preserved in spirit, and particular notice taken of their lo- 
cality and habits. 

Among the birds of Australia the Lyre- Pheasant (Mentira) would 
be an interesting subject for anatomical investigation. Of this spe- 
cies are wanting the skeletons of a male and female, and of the young 
bird ; and the entire body of both sexes ill spirit, or the saline solu- 
tion. 

The same with respect to the large-billed Cuckoo {Scythrops), 
and Sea-Partridge (Glareola), 

In New Zealand similar preparations should be obtained of the 
Megapodius, and of the Apteryx australis. 

With regard to birds it may be observed, that if spirit be injected 
down the windpipe, it will pass through almost the whole body by 
means of the air-cells. In the case of a quadruped preserved in spirit, 
or in the saline solution, it is proper to inject the preserving liquor 
into the abdominal cavity and intestinal canal. 
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Section V.— INSTRUCTIONS FOR MAKING ME- 
TEOROLOGICAL OBSERVATIONS. 

The Council of the Royal Society, while they have been occupied 
in preparing instructions for making meteorological observations at 
the fixed magnetic observatories about to be established by the Go- 
vernment at Montreal, St. Helena, the Cape of Good Hope, Van 
Diemen*s Land, and the different stations to be visited by the Ant- 
arctic Expedition under Captain James Clark Ross, and in reporting 
on various references made to them of applications for instructions 
for similar observations by the Secretary of State for the Colonies, 
the Honourable Court of Directors of the East India Company, and 
the Corporation of the Trinity House, have availed themselves of 
this (^portunity for proposing a plan of extensive co-operation, the 
general adoption of which by observers cannot fail to produce the 
most advantageous results to meteorological science. 

After maturely considering the subject, they do not presume to 
anticipate that what they may suggest will not be liable to objections, 
for their object will be to include within their compass many excel- 
lent series of observations which are already in progress, rather than 
to propose a degree of theoretical perfection, the attainment of which 
the present state of the science may not perhaps admit of. Systematic 
co-operation is the essential point to which at present every thing 
else should be sacrificed ; and co-operation on almost any plan would 
most certainly be followed by more beneficial results than any number 
of -independent observations, however perfect they might be in 
themselves. 

The plan of co-operation should, in fact, be regarded at present as 
merely temporary and preparatory ; but if steadily adhered to for a 
few years, it would certainly furnish the most perfect data for its own 
correction, which could then from time to time be applied with fa- 
cility and precision. 

The Council are not without hopes that amateurs of science may 
be induced to conform to these suggestions, even at the temporary 
sacrifice of their own views and convenience ; for no one can reflect 
on the immense aflaount of labour which is now rendered useless for 
want of the requisite uniformity and precision, without being con- 
vinced of the necessity of remedying an evil which has already been 
of too long standing, and continues to be a reproach to science. 
Many, of course, will not have it in their power to fill up the plan in 
all its details ; but they will contribute greatly to forward the design, 
if, in such obsei-vations as they may find it convenient to make, they 
strictly comply with the rules proposed. They will be further encou- 
raged to lend their aid to a comprehensive system, by the consider- 
ation that it will be adopted by the Government Observatories, as 
well a^ by those about to be established by the East India Company, 
and will of course be acted upon in the comparison and discussion 
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of the observations made at these institutions by the scientific au- 
thorities who will be entrusted with the execution of this task. 

The suggestions which the Council wish to olSer will relate, 1st, 
to the times of observation ; Sndly, to the situation of the instru- 
ments, to be observed ; Srdly, to the correction of the observations ; 
4thly, to a form of registry, which may place many of the results in 
a striking point of view, and facilitate comparisons. 

1. Barometers. 

Times of observation* — The purposes of meteorological observa- 
tions would be most perfectly and most expeditiously obtained by 
hourly observations throughout the year ; but as at present such a 
course of unremitting labour cannot be hoped for, it is necessary to 
select periods, at longer intervals, calculated to embrace the extremes 
of the periodical oscillations to which the pressure of the atmosphere 
is subject, and to ensure that uniformity of system at different sta- 
tions on which the value of such observations so much depends* 
It is probable that the hours of 3 a.m., 9 A.M., 3 p.m. and 9 p.m.* 
nearly coincide with the daily maxima and minima of the barometric 
column at the level of the sea, over a large portion of the globe ; and 
it is desirable that as extensive a comparison as possible should be 
instituted at these hours. 

It is not, however, too much to expect that in regular observatories 
hourly observations should be made, for 24 hours, once in every 
month ; and when this cannot be effected, it is of the utmost im- 
portance that they should be made at least four times in the year, 
namely, at the summer and winter solstices, and at the spring and 
autumn equinoxes. One of the results of these hourly observations 
would probably be the indication of the exact times of the daily 
maxima and minima of pressure at different stations, which, if not 
found to coincide with the hours provisionally adopted, might ulti- 
mately be substituted for them under future directions. 

Hourly observations at the equinoxes and solstices have been al- 
ready instituted at numerous points both of Europe and America, 
at the suggestion of Sir John Herschel, whose directions should be 
strictly attended to. They are as follows : — 

The days fixed upon for these observations are the 21st of March, 
the 21st of June, the 21st of September, and the 21st of December, 
being those, or immediately adjoining to those, of the equinoxes and 
solstices in which the solar influence is either stationary or in a state 
of most rapid variation. JBut should any one of those 9,\st daysfoM 
on Sunday, then it will be understood that the observations are to be 
deferred till the next day, the 2^nd. The observation at each station 
should commence at 6 o'clock a.m. of the appointed days, and ter- 
minate at 6 A.M. of the days following, according to the usual reckon- 
ing of time at the place. 

The commencement of each hour should be chosen, and every 
such series of observations accompanied by a notice of the means 
used to obtain the time, and, when practicable, by some observation 
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of an astronomical nature by which the time can be ascertained 
within a minute or two. 

The Council now propose to extend these observations in regular 
series to the 21st of every month, with the same reservation with 
regard to Sundays. 

It is to be hoped that in regular meteorological observations the 
six-hourly observations may not be foiind to be impracticable through- 
out the year; but in any case where it may be impossible to observe 
regularly at 3 a.m., an effort should be made to include the hour on 
the days of the new and full moon, and quadratures, or at least on 
the days of the new and full moon ; — as it must be borne in mind, 
that in what concerns the great meteorological questions on which 
the most interesting features of the subject depend, the night is quite 
as important as the day, and has been hitherto far too much neglected. 

Whatever hours, however, may be selected for the regular series 
of observations, the greatest Care should be taken not to substitute 
or interpolate in an iiregular manner observations at any other hours. 

It is much to be wished that occasional observations may be made 
under remarkable circumstances, such as during great rises or great 
falb of the barometer, at the period of great storms, earthquakes, 
&c. ; but such observations should be registered apart. 

The barometer should be placed in an apartment subject to as 
little variation of temperature as possible, and in a good light ; and 
to facilitate night observations, an arrangement should be made for 
placing behind it a light screened by a sheet of white paper, or other 
diaphanous substance. Great care should be taken to fix it in a 
perpendicular position by the plumb-line. Its height must be care- 
fully ascertained above some permanent and easily-recoverable mark, 
either in the building in which it is situated, or in some more per- 
manent building, or rock, in its immediate vicinity ; and no pains 
should be spared to ascertain the relation which such mark may bear 
to the level of high and of low water at spring tides, and ultimately 
to the mean level of the sea. 

Changes in the adjustments of meteorological instruments should 
. be most carefully avoided ; but whenever any alteration may be ab- 
solutely necessary, they should be made with all deliberation, scru- 
pulously noticed in the register, and the exact amount of the change 
thence arising in the reading of the instrument under re-adjustment 
ascertained. As far as possible, registers of meteorological observa- 
tions should be complete ; but if, by unavoidable circumstances of 
absence, or from other causes, blanks occur, no attempts to fill them 
up by general recollection, or by the apparent course of the numbers 
before and after, should ever be made. 

The observatories established by the Government are furnished 
with two barometers each, of Newman^s construction — ^the one a 
standard, and the other portable ; and they are accompanied by ac- 
curate directions for fixing and observing them. 

The standard instrument is of large dimensions, its tube being 
of the diameter of 0*6 inch. It requires two adjustments: 1st, The 
whole scale, which is of brass, is moveable, and terminates in an 
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ivory point, which is carefully brought down to the surface of the 
mercury in the cistern, and the two are known to be accurately in 
contact when the actual point and its reflexion appear just to touch 
one another. The scale is laid off from this point from an authentic 
standard, at the temperature of 32^. 

2nd. The second adjustment is that of the vernier, in which the 
upper part of the scale termin^es, to the surface of the mercury 
in the tube. For this, both the back and front edge are made to 
coincide, and brought down so as to form a tangent to the curve, 
and just to exclude the light between them at the point of contact. 
In making both these adjustments, it is desirable that the eye should 
be assisted by a magnifying glass. Before the observation is made 
the instrument should be slightly tapped, to free the mercury from 
any adhesion to the glass; but any violent oscillation should be 
avoided. 

The portable barometer has only one adjustment, namely, that 
of the vernier to the upper surface of the mercury in the tube, 
which adjustment must be effected with the same precaution as in 
the case of the standard instrument. 

This first reading may be entered in the column prepared for it 
in the register, and beside it the temperature of the mercury care- 
fully read off from the thermometer which dips into the cistern. 

As, in the case of the standard barometer, the first measure is taken 
immediately from the surface of the mercury in the cistern, it re- 
quires no correction for the different capacities of the tube and cis- 
tern. Neither does it require any correction for capillary action, as 
the large diameter of the tube renders this correction inappreciable. 

The portable barometer, however, requires corrections for both 
these circumstances. For the purpose of the former, the neutral point 
is marked upon each instrument, or that particular height which, in 
the construction of the instrument, has been actually measured from 
the surface of the mercury in the cistern. 

It is obvious that, in almost every case, the mercury will stand either 
above or below the neutral point : if above, a portion of the mercury 
must have left the cistern to enter the tube, and consequently must 
have lowered the surface in the cistern ; if below, a quantity of mer- 
cury must have left the tube, and, entering the cistern, raised the level 
of the mercury in it. For the correction of observations for this cir- 
cumstance, the relation of the capacities of the tube and cistern have 
been experimentally ascertained, and are marked upon the instru- 
ment : thus, capacity -gVth, indicates that for every inch of elevation 
of the mercury in the tube, that in the cistern will be depressed one 
50th of an inch. Thus, when the mercury in the tube is above the 
neutral point, the difference between it and the neutral point is to be 
divided by the capacity, and the quotient being added to the ob- 
served height, the result will be the corrected height. Or if the 
mercury at the time of observation should be below the neutral point, 
the difference of the two is to be divided as before, and the quotient 
to be subtracted from the observed height. Thus, suppose the ca- 
pacity to be jxjth, the neutral point 30 inches, and the observed 
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height 30*500 inches, the difference is 0*5 inch, which divided by 
50 gives OOl inch to be added to the observed height, producing 
30*51, the corrected height; or if the observed height be 29 inches, 
the difference, 1 inch, divided by 50, gives -OS inch to be sub- 
tracted from the observed height, giving 28*980 inches for the cor- 
rected height. 

The second correction required is for the capillary action of the 
tube, the effect of which is constantly to depress the mercury in the 
tube by a certain quantity inversely proportioned to the diameter of 
the tube. In the instruments furnished to the fixed observatories 
the amount has been experimentally determined during their con- 
struction, and marked upon the instrument ; the quantity is always 
to be added to the height of the mercurial column, previously cor- 
rected as before. For the convenience of those who may have ba- 
rometers, the capillary action of which has not been so determined, 
a table of the corrections for tubes of different diameters is placed 
in the appendix. 

The marine barometers furnished to the Antarctic Expedition differ 
in nothing from the other portable barometers but in the mode of 
their suspension, and the necessaiy contraction of the tubes to pre- 
vent oscillation from the motion of the ship, and require the same 
corrections. 

When these two corrections have been made in the first reading 
of the portable barometer, it should agree with the direct observa- 
tion of the standard barometer ; and it is very desirable that frequent 
comparative observations should be made of the two instruments, in 
order to ascertain whether there may be any permanent difference 
between them. Should this be the case, the amount may be marked 
upon the instrument, and allowed for as an index error, in order that, 
if an accident should happen to one, the other may be substituted 
for it without detriment to the regular series of observations. 

It is to be presumed that the portable barometer will frequently 
be employed in ascertaining the altitude of remarkable points in the 
vicinity of the observatories, or of the more permanent stations of 
the expedition. 

The instruments furnished to the observatories have been all in- 
dependently graduated and compared with the standard of the Royal 
Society ; and in all cases it is desirable that such a comparison should 
be made with some standard instrument of authority, directly, or by 
means of a good portable barometer. In making such comparisons, 
all that is necessary is to record five or ten simultaneous readings of 
both instruments, deliberately made, at intervals of a few minutes from 
each other, after at least an hour's quiet exposure, side by side, that 
they may have the same temperature. If compared by two observers, 
each should read off his own barometer in his usual manner, then 
each should verify the other's result. By this means the zero of one 
standard may be transported over all the world, and that of others 
compared with it ascertained. To^ do so, however, with perfect effect 
requires the utmost care in the transport of the intermediate baro- 
meter, and is by no means an operation either of triHing import or 
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of hurried or negligent performance : some of the greatest ques« 
tions in meteorology depend on its due execution. 

The next correction, and in some respects the most important of 
of all, is that due to the temperature of the mercury in the barome- 
ter tube at the time of observation. To obtain this every barometer 
requires to have attached to it a thermometer, which in the instru- 
ments furnished to the observatories dips into the mercury in the 
cistern, and this must be read and registered at each observation of 
the barometer. In the appendix will be found a table calculated by- 
Professor Schumacher, which gives for every degree of the thermo- 
meter and every half inch of the barometer, the proper quantity to 
be added or subtracted for the reduction of the observed height to 
the standard temperature of 32^ Fahr. 

It must, however, be observed, that this table is only calculated 
for barometers whose scales are engraven upon a rod or plate of 
brass reaching from the level of the mercury to the vernier. In 
many barometers *ihe scale is engraved upon a short plate of brass 
fixed upon the wooden frame of the instrument, and the compound 
expansion of the two substances can only be guessed at, but must 
be obviously less than if the whole length had been of brass. As a 
near approximation for such imperfect instruments, another table has 
been placed in the appendix, in which the lesser expansion of glass 
has been substituted for that of brass. No scientific observer, how- 
ever, would willingly use such an instrument. 

Although all these corrections are necessary for the strict reduction 
of registered observations, they ought not to be applied to individual 
observations previously to registry. In the blank forms of register 
furnished to the observatories, one sheet is devoted to uncorrected 
observations, and a second to the corrected ; and it is much to be 
wished that the proper reductions should be made as soon after the 
observations as possible. 

2. Thermometers. 

Times of observation, — The external standard thermometer should 
be observed and registered at the same times as the barometer, and 
all the register thermometers may be read ofi* at the time of the 9 a.m. 
observation, and their indices re-adjusted. But as double maxima 
frequently, and double minima occasionally, occur, in consequence of 
sudden changes of temperature, both the thermometers should be 
occasionally inspected with a view to ascertain whether the motion 
of either the mercury or the spirit has been reversed in an unusual 
manner ; and such double maxima or minima should be recorded 
apart as supernumerar^y with the dates and leading features of the 
case. 

Each observatory has been furnished with a standard thermometer, 
of which duplicates have been deposited at the Royal Society, and 
which have been carefully compared with an authentic standard. 
With this standard it is recommended that all other thermome- 
ters be carefully and frequently compared, and their difierences. 
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at one or more temperatures (the wider asunder the better), marked 
upon their scales and applied as index errors. This is particularly 
necessary with the register thermometers, whose construction ren- 
ders them most liable to such errors. 

In placing the standard thermometer, an exposure should be 
chosen perfectly shaded from the sun, one where no reflected sun- 
beams from water, buildings, rocks, or dry soil can reach it, and one 
which is easily accessible for observation. It should be jfixed^ not 
merely hungy upon a bracket projecting six inches from the wall, or 
other suppoitt to which it may be attached, and it must be completely 
sheltered from rain by a screen, so that the bulb shall never be wetted. 
In reading it, the observer should avoid touching, breathing on, or 
in any way warming it by near apprbach of his person; and in night 
observations particular care should be taken not to heat it by ap- 
proximation of the light. The quicker the reading is done the 
better. 

Notice should, of course, be taken of all sudden and remarkable 
changes of temperature, although such occasional observations must 
not be recorded in the regular series. 

The self-registering thermometers should be placed with the same 
precautions as the standard, and so fastened as to allow of one end 
being detached, and lifted up to allow of the indices within the 
tubes sliding down to the ends of the fluid columns, which they will 
readily do with the assistance of occasional tapping. 

The self-registering thermometers are apt to get out of order by 
the indices becoming entangled, or from the breaking of the column 
of fluid. When this happens with the spirit thermometer, it may 
be rectified with ease by jerking the index down to the junction of 
the bulb and tube. The whole of the tube wiU at the same time 
become wetted with the spirit, and by setting it on end with the 
bulb downwards the spirit will run together into one continuous co- 
lumn. 

When the steel index of the mercurial thermometer becomes im- 
mersed in the mercury, it must be jerked in the opposite direction, 
till it, with the mercury which may be - above it, is projected into 
the little bulb at the top of the tube. If this do not succeed, heat 
must be applied to the mercury-bulb, and when the index is fairly 
lodged in the air-bulb, by carefully warming the mercury-bulb with 
a spirit lamp having a very small flame, the mercury must be made 
to expand till it rises to the very top of the tube, and projects 
convexly into the air-bulb. The tube must then be placed up- 
right, and, by tapping, the detached mercury will slip down beneath 
the steel index, and will fairly unite with the convex projection 
aforesaid. Now let the bulb cool, and the mercury will sink in one 
united column, and leave the index free. 

Besides the regular series of observations of the temperature of 
the air, there are other occasional observations to be made of tem- 
perature under difierent circumstances, which might possess great 
interest. 
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The surface temperature of the water of the sea or of rivers 
may be conveniently obtained by taking up a bucket-full of water 
and stirring round the thermometer in it. 

The temperature of the water of deep wells may be ascertained 
in the same way, and should be taken monthly, if near the residence 
of the observer. The temperature of rain should also be attended 
to at times ; it may be determined by receiving the rain in a linen 
funnel, totally enclosed in a tin case to prevent cooling by evapora- 
tion from the linen. 

The temperature of the soil at different depths is a point of con- 
siderable importance. For this purpose excavations should be 
made in a dry sheltered situation, 3, 6, and 9 feet deep, and lined 
with brick or earthenware tubes. In the bottom of these excavations 
earthenware quart bottles may be carefully placed, filled with water, 
spirit, or brine, and corked. They must be carefully covered with 
tow or cotton, and drawn up on the 21st of every month (being the 
day of horary observation), and their temperatures taken by an ac^ 
curate thermometer, and registered apart. 

As a general caution it may be mentioned, that the standard ther- 
mometer should never be exposed to risk by application to such 
purposes, but thermometers which have been compared and cor- 
rected by comparison with it. 

3. ACTINOMETERS. 

Amongst the observations of highest importance must be ranked 
those of the force of solar and terrestrial radiation. The most per- 
fect means of observing the former is afforded by the actinometer. 

This instrument consists of a large hollow cylinder of glass, sol- 
dered at one end to a thermometer-tube, terminated at the upper end 
by a ball drawn out to a point, and broken off, so as to leave the end 
open. The other end of the cylinder is closed by a silver or silver- 
plated cap, cemented on it, and furnished with a screw, also of silver, 
passing through a collar of waxed leather, which is pressed into for- 
cible contact with its thread, by a tightening-screw of large diameter 
enclosing it, and working into the silver cap, and driven home by the 
aid of a strong steel key or wrench, which accompanies the instrument. 

The cylinder is filled with a deep blue liquid (ammonio-sulphate 
of copper), and the ball at the top being purposely left full of air, 
and the point closed with melted wax, it becomes, in any given po- 
sition of the screw, a thermometer of great delicacy, capable of being 
read off on a divided scale attached. The cylinder is enclosed in a 
chamber blackened on three sides, and on the fourth, or face, de- 
fended from currents of air by a thick glass, removeable at pleasure. 

The action of the screw is to diminish or increase at pleasure the 
capacity of the hollow of the cylinder, and thus to drive, if necessary, 
a portion of the liquid up into the ball, which acts as a reservoir, or, 
if necessary, to draw back from the reservoir such a quantity as shall 
just fill it, leaving no bubble of air in the cylinder. 
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To use the imtrumeniy examine first whether there be any air in 
the cylinder, which is easily seen by holding it level, and tilting it, 
when th.e air, if any, will be seen to run along it If there be any, 
hold it upright in the left hand, and the air will ascend to the root 
of the thermometer-tube. Then, by alternate screwing and unscrew-* 
ing the screw with the right hand, as the case may require, it will 
always be practicable to dnve the air out of the cylinder into the 
ball, and suck down liquid, if any, from the ball, to supply its place, 
tiU the air is entirely evacuated from the cylinder, and the latter, as 
well as the whole stem of the thermometer-tube, is full of the liquid 
in an unbroken column. Then, holding it horizontally, face up- 
wards, slowly and cautiously unscrew the screw, till the liquid re- 
treats to the zero of the scale. 

The upper bulb is drawn out into a fine tube, which is stopped 
with wax. When it is needed to empty, cleanse, and refill the instru- 
ment, liquid must first be forced up into the ball, so as to compress 
the air in it. On wanning the end, the wax will be forced out, and 
the screw being then totally unscrewed, and the liquid poured out, 
the interior of the instrument may be washed with water slightly 
acidulated, and the tube, ball, &c. cleansed, in the same way, after 
which the wax must be replaced, and the instrument refilled. 

To moke an obsertHiHon with the actinometery the observer must 
station himself in the sunshine, or in some sharply terminated sha- 
dow, so that without inconvenience, or materially altering his situ- 
ation, or the exposure of the instrument in other respects, he can 
hold it at pleasure, either in full sun or total shadow. If placed in 
the sun, he must provide himself with a screen of pasteboard or tin 
plate, large enough to shade the whole of the lower part or chamber 
of the instrument, which should be placed not less than two feet 
from the instrument, and should be removeable in an instant of 
time. The best station is a room with closed doors, before an open 
window, or under an opening in the roof into which the sun shines 
freely. Draughts of air should be prevented as much as possible. 
If the observations be made out of doors, shelter from gusts of wind, 
and freedom Arom all penumbral shadows, as of ropes, rigging, 
branches, &c. should be sought. Generally, the more the observer 
is at his ease, with his watch and writing-table beside him, the better. 
He should have a watch or chronometer beating at least twice in a 
second, and provided with a second hand; also a pencil and 
paper ruled, according to the form subjoined, for registering the ob- 
servations. Let him then grasp the instrument in his left hand, or 
if he have a proper stand (which is preferable on shore or in a 
building*), otherwise firmly support it, so as to expose its face per- 
pendicularly to the direct rays of the sun, as exactly as may be. 

The liquid, as soon as exposed, will mount rapidly in the stem. 
It should be allowed to do so for three or four minutes before the 

* This may consist of two deal boards, 18 inches long, connected by a hinge, 
and kept at any required angle by an iron, pointed at each end. The upper should 
have a little rabbet or moulding fitting loosely round the actinometer, to prevent 
its slipping off. 



obtervotion b^ina, taking care, however, not to let it moant into 
the bulb, by a proper use of the screw. At the same time the tube 
■hould be carefully cleared (by the same actioD)of all small brokea 
portions of liquid remaiaing Id it, which should all be diawii down 
tnto the bulb. When all is ready for observation, draw the liquid 
down to zero of its scale, gently and steadily ; place it on its stand, 
with its screen before it, and proceed as followB. 

Having previously ascertained how many times (suppose 20) the 
watch beats in five seconds, let the screen be withdrawn at ten seconds 
before a complete minute shown by the watch, suppose at 2^ 14" 

W. From 50* to 55*, say 0, 0, at each beat of the watch, 

looking meanwhile that all is right. At 55* complete, count (^ 1,2, 
.... up to 20 beats, or to the whole minute, 2" 15" 0", keeping the 
eye not on the watch, but on the end of the rising column of liquid. 
At the 2Dth beat read off, and register the reading (12°-0), as in co- 
lumn 3, A, of the annexed Torm, Then wait, watching the cohima 
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of air above the liquid, to see that no blebs of liquid are in it, or at 
the opening of the upper bulb (which will cause the movement of 
the ascendLog column to be performed by starts), till the minute ia 
nearly elapsed. At the 50th second begin to watch the liquid rising ; 
at 55' begin to count 0, 1, 2, up to 20 beats, as before, attentively 
watching the rise of the liquid ; and at the 20th beat, or complete 
minute (2" 16" 0*) read off, and instantly shade the Mattument, or 
withdraw it Jtut out of the sun and penumbra. Then register the 
reading off (43°3) in column S, B, and prepare for the shade obser- 
vation. All this may be done without hurry in 20 seconds, with time 
also to withdraw the screw if the end of the column be inconveniently 
high in the scale, which is often required. At the 20th second pre- 
pare to observe; at the 25th begin to count beats, 0, 1, 2, 20; 

and at the 20tb beat, i. e. at a"" 16" 30*, read off, and enter the read- 
ing in column 3, A, as the initial shade reading (4-5°*2). Then wait 
as before till nearly a minute has elapsed, and at 2^ 17™ 20" again 
prepare. At IT" 25' begin to count beats ; at 17° 30" read off, and 
enter this terminal shade reading (42°*8) in column 3, B, and if 
needed, withdraw the zero. 
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AgsCin wait 20*, in which interval there is time for the entr^, 
&c. At 17" 50" remove the screen, or expose the instrument in 
the san ; at 55* begin to count beats ; and at the complete minute, 
18°^ 0") read off (14^*8), and so oh for several alternations, taking 
care to begin end end each series with a sun observation. If the in- 
stmment be held in the hand, care should be taken not to change 
^e inclination of its axis to the horizon between the readingfi, or the 
compressibility of the liquid by its own weight will produce a very 
appreciable amount of error. 

In the annexed form column 1. contains the times, initial and ter- 
minal of each sun and shade observation. Column 2. expresses by 
an appropriate mark, O £m<l X, the exposure, whether in sun or 
shade. Column S. contains the readings, initial and terminal (A 
and B). Column 4. gives thfe values of B — A, with its algebraical 
sign expressing the rise and fall per minute. And here it may be 
observed, that if by forgetfulness the exact minute be passed, the 
reading off may be made at the next 10*^, and in that case the entry 
in column 4 ftiust be not the whole amount of B — A, but only ^ths 
of that amount, so as to reduce it to an interval of 60" precise. Co- 
lumn 5. contains the radiations as derived from successive triplets, 
OxO> xOx,OxO, &c. by the formula presently to be 
stated ; and in column 6. are entered remarks, such as the state of 
the sky, wind, &c. ; as also (when taken) the sun's altitude, baro- 
meter, thermometer, and other readings, &c. 

The formula of reduction is as follows. Let ©, x, ©', x', 
O", x", &c. represent the numbers in column 4, with their signs 
in order, as they stand, or the values of B — A. Then will the 
numbers in column 5 be respectively, 
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and so on, the algebraic signs being carefully attended to. Thus 

34-75 = + !!:?+_??:* + 2-4 

2 

35-40 = + ^'^ ^ ^'^ + 33-4, &c. 

The mean of a series not exceeding three or four triplets may be 
had by the formula 

Q + 0^ + O^^ + &c . _ X ,-h x^ + &c. 
n f*-l * 

e2 
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wbere n Is the number of sun observattonB, the time corresponding 
being the middle of the middle shade observation. 

A complete 'aetinometer observation cannot consist of less than 
three sun and two shade observations intermediate ; but the more 
there are taken the better, and in a very clear sunny day it is highly 
desirable to continue the alternate observations for a long time, even 
from sunrise to sunset, so as to deduce by a graphical projection the 
law of diurnal increase and diminution of the solar radiation, which 
will thus readily become apparent, provided the perfect clearness of 
the sky cmitinue, — an indispensable condition in these observations, 
the slightest cloud or haze over the sun being at once marked by a 
diminution of resulting radiation. 

To detect such haze or cirrus, a brown glass applied before the 
eye is useful, and by the help of such a glass it may here be noticed 
that solar hatos are very frequently to be seen when the glare of 
light is such as to allow nothing of the sort to be perceived by the 
unguarded eye. 

It is, as observed, essential that the instrument be exposed a few 
minutes to the sun, to raise its temperature in some slight degree. 
If this be not done, owing to some cause not very obvious, the first 
triplet of observations (sun, shade, sun) will give a radiation percep- 
tibly in defect of the truth, as will become distinctly apparent on 
continuing the series. But it may be as well for a beginner to com- 
mence at once reading as soon as the instrument is exposed, and re- 
ject the first two triplets, by which he will see whether he has all 
is apparatus conveniently arranged, and get settled at his post 

When a series is long continued in a good sun, the instrument 
grows very hot, and the rise of the liquid in the sun observation de- 
creases, while the fall in the shade increases ; nay, towards sunset it 
will fall even in the sun. This phenomenon (which is at first 
startling, and seeming to impeach the fidelity of the instrument) is, 
in fact, perfectly in order, and produces absolutely no irregularity in 
the resulting march of the radiation. Only it is necessary in casting 
up the result (in col. 5.) to attend carefully to the algebraic signs 
of thie differences in column 4, as in the following example (which, 
as well as that above given, is one of actual occurrence). 
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Every series of actinonneter observations shoald be accompamed 
with notices in the column of remarks of the state of the wind and 
sky generally, the approach of any cloud (as seen in the coloured 
glass) near to the sun ; the barometer and thermometers, diy and 
wee, should especially be read off more than once during the series, 
if a long one, and, if kept up during several hours, houriy. The 
times should be correct to the nearest minute, at least as serving to 
calculate the sun's altitude; but if this be taken (to the nearest 
minute or two) with a pocket sextant, or even by a style and shadow, 
frequently (at intervals of an hour or less) when the sun is rising or 
setting, it will add much to the immediate interest of the observa- 
tions. When the sun is near the horizon, its reflection from the sea, 
or any neighbouring water, must be prevented from striking on the 
instrument ; and similarly of snow in cold regions, or on great ele- 
vations in alpine countries. 

Every actinometer should be provided with a spare glass, and all 
the glasses should be marked with a diamond ; and it should always 
be noted at the head of the column of remarks ; which glass is used, 
as the co-efficient of reduction from the parts of the scale (which are 
arbitrary) to parts of the uwJtofradvaiion varies with the glass used. 
In the case of the actinometers sent out with the.expedition and 
to the fixed observatories, these co-efficients will be ascertainexl for 
each instrument and for each glass, />nM;ufe(/ itbepracOcabie topiro^ 
cure any observations of the sun in the interval before the sailing of 
the ships ; but at all eventr^, an approximate value of the parts of the 
scale in actines will be given by measurement of the dimensions^ 
and the glasses as well as the cylinders and capillary stems of the in- 
struments, if accidentally broken, should have their fragments care- 
fully preserved and labeled. 

The unit of solar radiation to be adopted in the ultimate reduc- 
tion of the actinometric observations is the actiney by which is under- 
stood that intensity of solar radiation, which at a vertical incidence, 
and supposing it wholly absorbed, would suffice to melt one mil- 
lionth part of a metre in thickness^ from the surface of a sheet of ice 
horizontally exposed to its action per minute of mean solar time ; 
but it will be well to reserve the reduction of the radiations as ex- 
pressed in parts of the scale to their values in terms of their unit 
until the final discussion of the observations. 

Meanwhile, no opportunities should be lost of comparing together 
the indications of different actinometers under similar and favourable 
circumstances, so as to establish a correspondence of scales, which 
in case of accident happening to one of the instruments, will pre- 
serve its registered observations from loss. 

The comparison of two actinometers may be executed by one ob- 
server using alternately each of the two instruments, thus, 
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begiiiniiig and ending with the same; though it would be'more con^ 
venientty done by two observers observing simultaneously at the 
same place, and each registering his own instrument. An hour or 
two thus devoted to comparisons in a calm clear day, and under easy 
circumstances, will in all cases be extremely well b^towed. 

Neither should each observer neglect to determine for himself the 
heat stopped by each of his glasses. This may be done also by al- 
ternating triplets of observation made with the glass on and off, thus. 
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beginning and ending with the glass off, and (as in all cases) begin- 
ing and ending each triplet with a sun observation. For the pur- 
pose now in question a very calm day must be chosen, and a great 
many triplets must be taken in succession. It will be found that a 
single thickness of the ordinary bluiah or greenish plate glass stops 
about O20 (=> ^) of the incident calorific rays ; a second glass 
about 0*16 (or a materially less proportion) of those which have 
escaped the action of the first. No two glasses, however, are pre- 
cisely alike in this respect. 

Very interesting observations may be made by two observers fur- 
nished with well-compared actinometers, the one stationed at the sum- 
mit, the other at the foot of some great elevation, especially if the 
stations can be so selected that the observers shall be nearly in the 
line of the incident sunbeam at the time of observation, so as both 
to lie in the atmospheric column traversed by the rays. Many con- 
venient stations of this kind might be found in mountainous coun- 
tries; and by repeating the observation two or three times under fa- 
vorable circumstances, interchanging observers and instruments, 
&c., and accompanying the observations with all circumstantial and 
local elements of precision, there is no doubt that the co-efiUcient of 
extinction of solar heat in traversing at least the lower strata of our 
atmosphere might be obtained with much exactness, and thus a highly 
valuable datum secured to science. The observers would, of course, 
agree to make their observations strictly simultaneous, and should, 
therefore, compare watches before parting. 

The actinometer is also well calculated for measuring the defalca- 
tion of heat during any considerable eclipse of the sun, and the Coun- 
cil would point out this as an object worthy of attention, both 
at the fixed stations and on board the vessels ; as many eclipses in- 
vbible or insignificant in one locality, are great, or even total in 
others. The observations should commence an hour at least before 
the eclipse begins, and be continued an hour beyond its termina- 
tion, and the series should be uninteiTupted, leaving to others to 
watch tfie phases of the eclipse. The atmospheric circumstances 
should be most carefully noted during the whole series. 
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Though out of the question in the circumstances imnoiediately un* 
der contemplation, it may not be amiss to remind aeronauts, thai 
observations of the actinomeier may, no doubt, be made with con- 
siderable ease and precision in the car of a balloon, and if accom- 
panied with good barometric and hygrometric simultaneous obser- 
vations aloft and below, would in every point of view be most pre- 
cious, thus adding one to the many useful subjects of inquiry in 
those hitherto almost useless adventures. 

4. Radiating Thermometers* 

As, however, the actinometer can only be observed at intervals 
in perfectly clear weather, additional information with regard to solar 
radiation, of much interest, though not of so precise a nature, may 
be obtained, by the daily register of the maximum temperature of a 
register thermometer, with a blackened bulb exposed to the full ac- 
tion of the sun*s rays. It may be placed about an inch above the 
bare soil, and screened from currents of air. The maximum tem- 
perature indicated by such a thermometer, even in cloudy weather, 
will generally be considerably above that of the air, and the maxima 
and mean daily maxima of its indications will, after a long series 
of observations, afford data of the utmost value to the history of 
climates. The bulb of the thermometer should be about half an 
inch in diameter, and it may be uniformly blackened with lamp- 
black and varnish. The graduation should be made upon the glass 
stem, to prevent any inconvenience from the expansion and warping 
of the scale. 

The measure of terrestrial radiation is of no less importance to the 
science of meteorology than that of solar radiation, but no perfect 
instrument has yet been contrived for its determination. Very va- 
luable information, however, may be derived from the daily register 
of the minimum temperature of a register spirit-thermometer, the 
bulb of which is placed in the focus of a parabolic metallic mirror^ 
turned towards the clear aspect of the sky, and screened from cur- 
rents. The mirrors furnished to the observatories are of silver- 
plated copper, but planished tin-plate or zinc might be substituted 
without detriment. They are 6 inches diameter and 2 inches deep, 
and the thermometers which are graduated upon the stems pass 
through sockets in their sides, in which they may be accurately ad- 
justed by corks. Their bulbs do not exceed half an inch in diameter. 

Even in the daytime a thermometer so placed, and turned towards 
the clear sky, but away from the rays of the sun, will fall several de- 
grees below the temperature of the surrounding air. 

5. Hygrometers. 

Times of observeUion, — Observations of the dew-point hygrometer 
are as desirable at the regular hours as those of the other meteoro- 
logical instruments; but, as more difficulty attends the observation, it 
is more liable to omission, and it is of great importance that when 
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one experiment only cui be made, the most advantageous hour shoiild 
be selected for the purpose. Now it is probable that the minimum 
temperature of the air in the ^4 hours may correspond with the 
minimum temperature of the dew-point ; and for the attainment of 
a mean result, the time of the highest dew-point should be selected, 
which would not differ much from 3 F.M., at which hour the obser- 
vation should on no account be omitted. The hygrometer should 
also be observed, if possible, at 9 a.m. and 9 p.m., but the minimum 
temperature might probably be substituted for the S a.m. observa- 
tion without any material error. 

Occasional observations of the dew-point under peculiar circum- 
stances, as for instance in the inhabited apartments of houses or be- 
tween the decks of the ships when laid up in their winter quarters in 
the polar regions, could not but afford information of high practical 
importance. 

All the ether of the dew-point hygrometer should be driven by 
the warmth of the hand from the covered ball into the uncovered, 
previously to an observation, and the ether should be dropped from 
a dropping-bottle very slowly upon the former. The temperature of 
the interior thermometer should be carefully noted upon the first ap- 
pearance of the ring of dew upon the black bulb, and also its tem- 
perature upon its disappearance : the mean of the two observations, 
should they differ, may be entered as the dew-point, together with 
the temperature of the air by the exterior thermometer. 

The wet'btdb hygrometer can be observed without difficulty, by 
mere inspection, and the observation should never be neglected at 
the regular hours. It is probable that the temperatui'e of evapora- 
tion thus ascertained may afford the means of accurately determining 
the dew-point, and of solving all the points of hygrometry ; but until 
all the necessary corrections shall have been agreed upon, one of the 
most essential requisites must be its frequent and accurate compa- 
rison with the dew-point, directly ascertained. 

The hygrometers should be placed in the observatory, near to the 
standard thermometer, with which they should be frequently com- 
pared. 

6. Vanes, Anemometers, and Rain Gauges. 

The magnetic observatories and the Antarctic Expedition have 
been furnished with Osier's self-registering anemometer and rain- 
gauge. 

In this instrument the direction of the wind is obtained by means 
of the vane attached to the rod, or rather tube, that carries it, and 
consequently causes the latter to move with itself. At the lower ex- 
tremity of this tube is a small pinion working in a rack, which slides 
backwards and forwards, as the wind moves the vane ; and to this 
rack a pencil is attached, which marks the direction of the wind on 
a paper ruled with the cardinal points, and so adjusted as to progress 
at the rate of 1 inch per hour, by means of a clock ; the force is at 
the same time ascertained by a plate 1 foot square, placed at right 
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angles to the vane, supported by two light bare running on friction- 
rollers, and communicating with three spiral springs in such away that 
the plate cannot be affected by the wind's pressure without instantly 
acting on the springs, and communicating the quantum of its action 
by a wire passing down the centre of the tube, to another pencil 
below, which thus registers its degree of force. The rain is re- 
gistered at the same time by its weight acting on a balance, which 
moves in proportion to the quantity falling, and has also a pencil at- 
tached to it, recording the results* The receiver is so arranged as 
to discharge every hdf inch that falls, when the pencil again starts 
at zero. 

It is probable that the results obtained with this instrument would 
require correction for the varying effects of the eddy, which must 
be formed behind the board before they can be considered as exact 
measures of the pressure ; and the effects of variations of temperature 
upon the force of the springs should be experimentally ascertained, 
particularly in very cold climates. This latter point may be deter- 
mined by measuring the compression directly by the application of 
known weights. 

Another self-registering anemometer has recently been constructed 
by Professor Whewell, which exhibits upon a diagram not only the 
direction and force, but the direction and integral effect of the wind, 
but which is more complex in its construction, and practically more 
liable to derangement. 

In it a small set of windmill vanes, something like the ventilators 
of windows, are presented to the wind by a conmion vane, in what- 
ever direction it may blow. The current, as it passes, sets these 
vanes in rapid motion, and a train of wheels and pinions reduces the 
motion, which is thence communicated to a pencil traversing verti- 
cally, and pressing against an upright cylinder, which forms the sup- 
port of the instrument: 1000 revolutions of the fly only cause the 
pencil to descend ^th of an inch. The surface of the cylinder is 
covered with white paper, and the pencil, as the vane wavers, keeps 
tracing a thick irregular line, like the shadings on the coast of a 
map. The middle of the line may be easily traced, and it gives the 
mean direction of the wind, while the length of the line is propor- 
tional to the velocity of the wind and the length of time during 
which it blows in each direction. 

Those who do not possess a register-anemometer may make use 
of the common vane and Lind's wind-gauge. The position of the 
former should be clear of all deflections and eddies from objects of 
the same or a higher level, and of course its position with regard to 
the true north should be clearly determined. In registering the di- 
rection of the wind it may be sufficient to use only 16 points of the 
compass. 

Lind's wind-gauge for measuring the force or momentum of the 
wind is adjusted for ;use by filling it with water till the liquid in 
both legs of the siphon corresponds with the 0° of the scale. It is 
to be held perpendicularly, with the mouth of the kneed tube turned 
towards the wind, and the amount of the depression in one leg, and 
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that of its elevation in the other, are to be carefully noted. The sum 
of the two is the height of a column of water which the wind is ca- 
pable of sustaining at the time, and every body that is opposed to 
that wind will be pressed upon by a force equivalent to the weight 
of a column of water, having its base equal to the surface that is 
opposed, and its height equal to the altitude of the column of water 
sustained by the wind in the wind-gauge. 

The height of this column being given, the force of the wind on 
a foot square is easily found by a table which will be given in the 
appendix. 

The observation of the gauge should always be made at the same 
point of a free space, and in gusty weather the maximum of the os- 
cillation recorded. The most proper periods will be those of the 
other regular observations; but in great storms, or under other par- 
ticular circumstances, occasional observations should be made, and 
registered apart. 

Even in observatories which are provided with Osier's apparatus 
it is desirable that an accurate comparison should be made of the 
two anemometers. 

The points most important to remark respecting the wind are, 

1st. Its average intensity and general direction during the several 
portions of the day devoted to observation. 

2ndly. The hours of the day or night when it commences to blow 
from a calm, or subsides into one from a breeze. 

3rdly. The hours at which any remarkable changes of its direc- 
tion take place. 

4thly. The course which it takes in veering, and the quarter in 
which it ultimately settles. 

5th1y. The usual course of periodical windsy or such as remark- 
ably prevail during certain seasons, with the law of their diurnal 
progress, both as to direction and intensity ; at what hours, and by 
what degrees they commence, attain their maximum, and subside ; 
and through what points of the compass they run in so doing. 

6thly. The existence of crossing currents at different heights in 
the atmosphere, as indicated by the courses of the clouds in different 
strata. 

7thly. The times of setting-in of remarkably hot or cold winds, 
the quarters from which they come, and their courses, as connected 
with the progressive changes in their temperature. 

8thly« The connexion of rainy, cloudy or fair weather, with the 
quarter from which the wind blows, or has blown for some time pre- 
viously. 

The Rain-gauge may be of very simple construction. A cubical 
box of strong tin or zinc, exactly 10 inches by the side, open above, 
receives at an inch below its edge a funnel, sloping to a small hole 
in the centre. On hue of the lateral edges of the box, close to the 
top of the cavity, is soldered a short pipe, in which a cork is fitted. 
The whole should be well painted. The water which enters this 
gauge is poured through the short tube into a cylindrical glass ves- 
sel, graduated to cubic inches and fifths of cubic inches. Hence 
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one inch depth of rain in the gauge will be measured by 1 00 inches 
of the graduated vessel, and -roWth inch of rain may be very easily 
read off. 

It is very much to be desired that, being of such easy construc- 
tion, more than one of these gauges should be erected, or at least 
one placed with its edge nearly level with the ground, and another 
upon the top of the highest building, rock, or tree in the immediate 
vicinity of the place of observation, the height of which must be 
carefully determined ; it having been satisfactorily ascertained that 
the height of the gauge above the ground is a very material element 
in the quantity of rain which enters it The quantity of water should 
be daily measured and registered at 9 a.m. 

7. Clouds and Meteors. 

Many very highly-interesting observations may be made, without 
the aid of instruments, upon the clouds. In describing them Mr. 
Howard's nomenclature may be adopted with great advantage. By 
means of the clouds different simultaneous currents of wind may 
oilen be detected, the different directions of which should be care- 
fully ascertained by referring their motions to some fixed object. 
Their gradual evaporation or precipitation should also be carefully 
noted, and particularly their regular disappearance at night, or their 
more irregular and sudden formation. 

Rainbows, parhelia, haloes, &c., will of course be noted amongst 
the occasional remarks of the register ; and an attempt should be 
made to express approximatively by numbers, the proportion which 
the overcast portion of the sky may bear to the clear space. For 
this the hemisphere may be supposed to be divided into eight sec- 
tions, and the cloudy portion may be expressed by the fraction ^th 
or ^ths, &c, 

8. Electrometers. 

The Council are fully impressed with the high importance of 
regular observations on the electrical state of the atmosphere ; but 
they are not prepared to suggest any means of effecting this desirable 
object, which will at all correspond with the present advanced state 
of electrical physics. At no distant period they hope to supply a 
defect which is certainly a reproach to science. In the meantime 
much valuable information might be acquired by observations of an 
electroscope, on one of the ordinary constructions connected with a 
lofty insulated wire. 

In erecting such a wire, proper precautions should be taken against 
accidents by preparing a sufficient conductor in its immediate vici- 
nity, by which a communication could be at once opened with the 
ground in case of any sudden and dangerous accumulation of the 
electric fluid. 

As a temporary contrivance, a common jointed fishing-rod, having 
a glass stick well varnished with shell lac, substituted for its smallest 
joint, may be projected into the atmosphere. To the end of the 
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glass must be fixed a metallic wire terminating in a point, and eon-, 
nected with an electroscope by means of a fine copper wire. If the 
wire be made to terminate in a spiral wrapped round a piece of cotton 
.dipped in spirits of wine and inflamed, its power of collecting elec- 
tricity will be sometimes doubled, but great precautions are neces- 
sary when this mode is employed. When the electroscope has been 
charged, the nature of the electricity may be tested in the usual way 
by excited glass or sealing wax. 

The principal electroscopes which are capable of being employed 
to ascertain the electrical state of the atmosphere, or rather to com- 
pare its state at any given elevation with the state of the medium in 
contact with the instrument, are the following. 

1. De Saussure's electrometer, which consists of two fine wires, 
each terminated by a small pith ball, and adapted to a small metal rod 
fixed in the upper part of a square glass cover, upon one of the faces 
of which a divided scale is marked, in order to measure the angles 
of deviation of the two balls. 

2. Volta's electrometer, formed of two straws about 2 inches long 
and ^th of a line broad, suspended from two small very moveable 
rings adapted to a metal rod : to measure the deviation of the straws 
a telescope with a nonius is employed. 

3. Singer s electrometer, consisting of two slips of gold leaf sus- 
pended from the rod. 

4. Bohnenberger's electroscope, formed of a single strip of gold 
leaf suspended from the conducting rod between two dry piles, the 
negative pole of one and the positive pole of the other being upper- 
most : this arrangement has the advantage of indicating the kind of 
electricity communicated to the conductor. 

The observations made with these and similar instruments have 
demonstrated that in serene weather the electricity of the atmosphere 
is always positive with regard to that of the earth, and that it be^ 
comes more and more positive in proportion to its elevation above 
the earth's surface ; so that if an observer be on a mountain or in a 
balloon, if his conductor be directed downwards to reach an inferior 
stratum of air, his electroscope will indicate negative electricity ; and 
if it be sent upwards into a superior stratum, positive electricity will 
be manifested. Various means have been resorted to in these ex- 
periments, such as connecting one of the extremities of the conduct- 
ing wire to a kite, a small balloon, or the head of an arrow, the 
other extremity remaining attached to the electroscope. 

It has been ascertained by the observations of De Saussure, Schub- 
ler, Arago and others, that the positive electricity of the atmosphere 
is subject to diurnal variations of intensity, there being two maxima 
and two minima during the twenty-four hours. The first minimum 
takes place a little be&re the rising of the sun ; as it rises, the in- 
tensity, at first gradually and then rapidly, increases, and arrives at 
its first maximum a few hours after. This excess diminishes at first 
rapidly and afterwards slowly, and arrives at its minimum some hours 
before sunset ; it re-ascends when the sun approaches the horizon, 
and attains its second maximum a few hours after, then diminishes 
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till sunrise^ and proceeds in the order already indicated. The in- 
tensity of the free electricity of the atmos[)here has also been found 
to undergo annual changes, increasing from the month of July to 
the month of November inclusive, so that the greatest intensity 
occurs in winter, and the least in summer. 

In cloudy weather the free electricity of the atmosphere is still 
positive. During storms, or when it rains or snows, the electricity 
is sometimes positive and sometimes negative, and its intensity is 
always much more considerable than in serene weather. The elec- 
troscope will, during the continuance of a storm, frequently indicate 
several changes, from positive to negative. 

The above is a short summary of almost all that is known respecting 
the laws of atmospheric electricity. It will be highly important to 
obtain a series of observations equal in accuracy to those made by 
Schubler at Frankfort in 1811 and 1812, simultaneously with the 
observations of the hygrometer, barometer, thermometer, &c. Com- 
bined observations at a number of different stations cannot fail to 
give us important information respecting the distribution of the free 
electricity in the atmosphere, and the extent and nature of the dis- 
turbances to which it is subject ; but to render the results valuable 
it will be necessary to have instruments comparable with each other, 
and this may be a difficult matter to effect*. 

Very recently a new method of investigating the electric state of 
the atmosphere has been proposed, likely to lead hereafter to very 
certain and valuable results ; but it has not been sufficiently put in 
practice to enable the Council to recommend, at the present mo- 
mont, the best form of instrument for making simultaneous and com- 
parable observations, or the proper precautions to guide the observer 
in manipulating it. 

For the principle of this instrument we are indebted to Mr. Col- 
ladon of Geneva. He found, that if the two ends of the wire of a 
galvanic multiplier, consisting of very numerous coils well insulated 
from each other, were brought in contact, one with a body positively, 
and the other with a body negatively charged, a current of electricity 
passes through the wire, until equilibrium is restored ; the energy and 
direction of this current is indicated by the deviation of the needle 
from the zero-point of the scale. This instrument is applied to the 
purpose of ascertaining and measuring the atmospheric electricity, 
by communicating one end of the wire with the earth, and allowing 
the other to extend into the region of the atmosphere, the electrical 
state of which is intended to be compared. 

Thunder storms, of course, should be attended to ; but it is of con- 
sequence also to notice distant lightning not accompanied with 
thunder audible at the place of observation, especially if it take place 
many days in succession, and to note the quarter of the horizon 
where it appears, and the extent which it embraces. In an actual 
thunder storm, especial notice should be taken of the quantity of rain 

* For a fuller account of what is known respecting atmospheric electricity, and 
the mode of conducting the observations, see Becquerers Traits de P Electricity, 
t. iv. pp, 78 — 125, 
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which falls, and of the fits or intermittences of its fall, as correspond- 
ing, or not, to great bui*sts of lightning, as also of the direction of 
the wind, and the apparent progress of the storm with or against it*. 

9. Registers. 

The Register proposed by the Council may be comprised in two 
skeleton forms, which have been supplied to the magnetical obser- 
vatories and to the expedition. 

They are each calculated lor one month's observation. The first 
form is for the insertion of observations as they are made in their 
uncorrected state. It consists of 12 principal divisions, and is ruled 
across for 31 days, and for the arithmetical convenience of casting 
up the sums and means of the quantities inserted. At th6 bottom 
of the sheet there is also a space provided for the hourly obsei*vat]oriS 
of the barometer and thermometers on the Uoenty-first day of the 
monthf which will be more particularly described after the explana- 
tion of the principal divisions. 

The outside compartments, both on the left and right of the sheet, 
are for the date of the month and the phases of the moon. 

The second compartment is for the height of the barometer, and 
the temperature of the mercury for the four regular periods of ob- 
servation. 

The third compartment is appropriated to the dew-point hygro- 
meter, and contains also four columns for the four daily observations, 
each of which is subdivided into three ; for the temperature of the 
air, the dew-point, and the difference between the two. 

The fourth compartment is for the wet>bulb hygrometer, and is 
similarly divided and subdivided for the temperature of the dry- and 
wet-bulb thermometer, and Ibr their differences. 

The fifth compartment is prepared for the maxima and minima of 
temperature, and is divided into three. In the first division are to 
be recorded the maxima and minima of thermometers carefully 
placed in the shade and screened from radiation. In the second, the 
maxima of a blackened thermometer exposed to the sun, and the 
minima of a thermometer placed in a metallic mirror, and radiating 
freely to the clear sky. The third is devoted to occasional obser- 
vations of the actinometer under ^vourable circumstances. 

The sixth compartment is for the temperature of the surface-water 
of the sea, or of any river in the immediate neighbourhood of the 
observatory. 

The seventh compartment is prepared for observations upon the 
direction and force of the wind at the four regular hours of registry. 
In the left-hand column of each division is to be recorded the direc- 
tion of the vane, and in the right-hand column the height of Lind's 
gauge, in tenths of an inch of water. 

In the eighth compartment the amount of rain is to be registered 
once in the day ; and in the ninth, the electrical state of the latmo- 

* On these subjects the Ck>uncil especiaU)^ reconupend the attentive peruiSal 
of Arago's Notice sur le Tormerre. 
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(Sphere, if possible, at the four periods, 3 a.m., 9 a.m., 3 p.m., and 

9 P.1M. 

The tenth compartment is appropriated to remarks on the ciouds, 
and weather generally ; and in the eleventh is to be noted, at noon, 
the longitude and latitude at sea. 

On a careful review of the month's observations, the maxima 
and minima results should have the algebraic signs + and — respect- 
ively affixed. 

TTie second form is devoted to the corrected results of the obser- 
vations, and to the optical comparison together of some of them, by 
their projection upon a scale of equal parts. 

The upper half of the sheet is vertically divided into two equal 
parts, each prepared for half the month's observations, and accord- 
ingly ruled across into sixteen spaces for the daily observations, and 
two for the sums and means of the quantities. Each half is also 
divided into five compartments. 

The first is for the date of the month and the phases of the moon. 

The second for the corrected height of the barometer at 32° Fahr. 

The third is appropriated to the elastic force of the aqueous vapour 
corresponding to the dew-point, and which may be taken from 
Table 5. in the Appendix. B. 

The fourth is for the maximum and minimum of temperature, and 
the mean of the two. 

And the fifth for occasional remarks. 

The lower half of the sheet is also vertically divided into two equal 
parts, each of which is similarly divided into 31 columns for the daily 
observations of a month ; and these again subdivided into four, for 
the six-hourly observations of each day. The vertical lines thus 
formed are divided into 6 inches ; and each inch into tenths of an 
inch, and half-tenths, by horizontal lines. 

The left-hand compartment thus ruled, is intended for the projec- 
tion of curves of temperature; for this purpose each tenth of an 
inch upon the scale must be reckoned a degree, which will be divided 
by the faint line into halves. 

The value of the degree may be arbitrarily fixed, and inserted in 
the margin according to convenience. Towards the upper part of 
the scale the results of the six-hourly observations should each be 
marked by a dot in its appropriate space, and the dots may be after- 
wards connected by a line. 

The temperatures of the dew-point, or of the wet-bulb thermo- 
meter, or the mean temperature, may be compared with this primary 
result by projecting their curves in a similar way beneath it ; and 
should the observations of these points be less frequent than four 
times in the day, the daily spaces may easily be divided accordingly. 

The right-hand compartment is appropriated to the projection of 
curves of pressure, and the four daily observations of the barometer 
are to be marked by dots towards the upper part of the scale of 
inches, and afterwards connected by a line. Towards the lower 
part of the scale the elastic force of the vapour is to be noted, and 
the marks to be similarly connected by a line. 
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Od either the scale of temperature or of pressure, occasional 
comparisons may be made with results obtained at other stations, 
which, if judiciously selected, cannot fail to prove of high interest 
and importance. They should, however, be laid down in pencil, or 
marked by a fainter line. 

At the bottom of the first skeleton form will be found a space pre- 
pared for the 24 hourly observations of the iwenty-^rst day of the 
month, both in their uncorrected and their corrected state. It is 
divided into four compartments for 6 hours each. The instruments 
which can with most facility be observed in this manner, are the ba- 
rometer with its attached thermometer, and the dry- and wet-bulb 
thermometers ; and columns are appropriated to each of these. It 
is desirable that the means of each 6 hours should be calculated, 
and spaces have been provided accordingly for the arithmetical 
operations. 

In casting up the sums and calculating the means^ care should be 
taken in all cases to verify the results by repetition ; and the Coun- 
cil recommend in every instance, before adding up the columns, 
to look down each to see that no obvious error of entry (as of an 
inch in the barometer, a very common error) may remain to vitiate 
the mean result. The precaution should also be taken of counting 
the days in each column, so as to make no mistake in the divisor. 

The skeleton forms will be interleaved with blank pages, to facili- 
tate computations and comparisons, and to afford space for other 
observations of atmospheric phenomena, which will perpetually pre- 
sent themselves to those who make it their business or their pleasure 
to watch the changes of the weather on a judicious plan. The 
Council, indeed, wish it to be understood, that, in the suggestions 
which they have offered, they have taken into consideration only 
such observations as are indispensable for laying the first foundations 
of meteorological science; some investigations of a more refined 
character they may, probably, make the subject of a future report. 

As soon as the register of a month's observations has been com- 
puted, it should be copied, and the copy carefully compared with 
the original by two persons, one reading aloud from the original, and 
the other attending to the copy, and then exchanging parts, — a pro- 
cess always advisable whenever great masses of figures are required 
to be correctly copied. 

A copy so verified should be transmitted regularly to such person 
or public body, as, under the circumstances, may be authorized or 
best adapted to receive and discuss the observations. 
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APPENDIX A. 



Note on M, Poisson's theory of the deviation produced in the direction 

of the compass by the iron of the ship. 




(Ship's Stern) O ^^ZZl ' * (Ship's Head.) 

N (North.) 

Let Qxhe the axis of the ship, x lying towards the ship's head. 
G the centre of gravity of the compass. 
G N the meridian, N the north. 

Let A he the south pole of the dipping needle, that is the extre- 
mity of the needle which dips beneath the horizontal plane in our 
hemisphere, let C he the projection of the point A upon a horizon- 
tal plane, so that G C is the magnetic meridian. Let the angle 
A G C = 6, 6 varying from — 90° to + 90°, heing positive when 
the south pole A is beneath the horizontal plane, and negative in the 
contrary case. 

Let C G N = if/, this angle (variation) which is the azimuth of the 
vertical plane C G A may extend from — 180° to -I- 180°, and is to 
he consideTed positive or negative according as the line G C falls to the 
west or to the east of the Hne G N, or this angle may he considered 
to vary from to 360°, going from north to south through west and 
returning from south to north hy east. 

Let G C/ he the direction of a horizontal needle, so that C G C 
is the local attraction, 

Let*GC' = f C'GC = ^ *GC = ^-a. 

N G C = i//' a = ;//'-. i//. 

Let (a he the azimuth of the principal section of the ship reckoned 
from G N towards the west, 

M. Poisson arrives at the following equation. Conn, de Temps, 
1841, p. 146, and Mem, de Vlnstitut, tom. xvi. p. 529. 

[A' cos 6 cos (J/ — «) + B cos d sin (i// — w) -f- C sin 6] sin ^ , 



= [D cos cos(i// — w) -f- E' co8esin(»// — w) -h FsinO] cos f 
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A*, B, C, D, E\ F are constants, if therefore 

A' ^' A' ^' A' A *^ A' "" ^ 

cos (f — 8) sin f + c sin (f — 3) sin f + a tan 6 sin ^ 

= c?co8 (^ — S) cos J + d sin (^ — ^) cos 4^ 4- e tan 6 cos f , 

in which equation a, b, c, d, e are constants, which must be deter- 
mined from observation at some one place, and which continue inva- 
riable as long as the position of the iron in the ship remains unal- 
tered. In order to do this the local attractions corresponding to 
every azimuth of the ship's head must be obtained and may be in- 
serted in a table, or at least they must be found in sufficient number 
to afford any others by interpolation. The manner of obtaining 
such data from observation is described in the small code of instruc- 
tions which accompanies Mr. Barlow's plate, and is also given in the 
Nautical Magazine. 



Direction of 
ship's head. 

arGN. 


Local at- 
traction. 

^. 
C'GC. 


Observed. 


a?GC. 











N.B. This Table to be filled up from observation. 

if4: = o, 

. 5 _ rf cos ^1 -I- ^ tan d 

— sin Oi = ^—^ 



— sin da = 



_ -- rf cos ^2 4- tf tan B 



b 



— sin ^, == cos ^3 + a tan 6 



if f = 180? 

if f = 90° 

if ^ = 270° 

sin ^4 = — c cos ^4 + a tan 6 

from these four equations, M d =^ m b, e zs: n b, a, c, m and n may 
easily be found, and b may be then obtained from any other known 
deviation. 

By solving equation (1.) with respect to tan ^, the angle ^ may 
be found corresponding to the angle ^ ~ d, 

^ _ rfcos {!; — l) + h sin (^ — g) -t- g tan e 
cos (f — a) + c sin (i — ^) + n tan e * 
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Afterwards, by interpolation or reversion, the angle ^ — ^ may be 
obtained corresponding to the observed angle Z, and a table of double 
entry formed, giving the local attraction for every value of ^, the 
arguments of the table being the observed angle i and the dip. This 
table, according to the theory of M. Poiason, ought to continue avail- 
able in all quarters of the globe so long as the disposition of the 
masses of iron in the ship remains unaltered. 

If when the ship's head is on the magnetic north and south, no 
effects arise from local attraction, as was the case in the experiments 
of Captain Flinders, ^j = 0, ^^ = 0, and hence «? = 0, e = 0. 

If the iron is symmetrically situate about the axis of the ship, then 
according to M. Poisson c = 0, rf = 0, e = 0. 

cos (f — ^) sin f 4 a tan 6 sin 4f = A sin (^ -- 5) cos f . . (2.) 

Conn, de Temps, p. 150. 

tanf= fe8in(^-^a) 

cos (f — ^) -f a tan 

,i^^^^^i{(b'-l)oo^^-<^t^e} nearly. 
1 -f (6 — 1) cos« f ^ 

If ^' is the local attraction, t,^ the magnetic bearing of any compass 
in any other distant part of the ship, or of the same compass after 
the disposition of the iron has been changed, 

cos iff - 5') sin 'C + a' tan 6 sin V = *' sin {H - V) cos f ' 

but ^ - a' = f - a 

hence cos (f — 5) sin ^ -h a' tan 6 sin ^' = V sin (^ — 3) cos ^' 

eliminating tan 6 

^- /> 5v ' («^ — a) sin V sin ^ 

tan (^f — a) = ., . V, j: \, . \ -^. 

a' sm 4' qos f -- a sm J cos 4 ' 

From this equation it may be possible to compute a table of double 
entry, giving the local attraction without knowing the dip, the ar- 
guments of the table being the observed angles S of two compasses 
situate in different parts of the vessel. This table ought to continue 
available so long as the disposition of the masses of iron remains un- 
altered, llie two compasses must of course be so distant as to have 
no sensible effect upon each other. 

The theory of Mr. Barlow's plate, according to M. Poisson, depends 
upon the practicability of so disposing the iron in the vessel as to 
give to the constants a and b in equation (2.) the particular values 
a = 0, ft = 1. 



f2 
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APPENDIX B. 



Table L 
Correction to be added to Barometers for Capillary Action. 



VX* A tf fm m 


Correction for 


Diameter of Tube. 








Unboiled Tubes. 


Boiled Tubes. 


inch.' 


inch. 


inch. 


a-60 


0*004 


0-002 


0-50 


0-007 


0-003 


0-45 


0-010 


0-005 


0-40 


0-014 


0-007 


0-35 


0-020 


0-010 


0-30 


0'02S 


0-014 


0-25 


0-040 


0-020 


0-^0 


0-060 


0-029 


0-15 


0-088 


0-044 


0-10 


0-142 


0-070 



Table II. 
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Correction to be applied to Barometers with brass scales^ extending 

the observation 



1 


Inches. 


1 
H 




24 


24-5 


25 


255 


26 


265 


27 


27-5 




8 


-h 


4- 


+ 


4- 


4- 


■f 


■f 


+ 


a 




•061 


•063 


•064 


•065 


•067 


•068 


•069 


•071 




1 


•059 


•061 


•062 


•063 


•064 


•065 


•067 


•068 


1 




2 


•067 


•058 


•060 


•061 


•062 


•063 


•064 


•066 


2 




3 


•055 


•056 


•057 


•059 


•060 


•061 


•062 


•063 


3 




4 


•053 


•054 


•055 


•056 


•057 


•058 


•059 


•061 


4 




5 


•051 


•052 


•053 


•054 


•055 


•056 


•067 


•058 


5 




6 


•049 


•050 


•051 


•052 


•053 


•054 


•055 


•056 


6 




7 


•046 


•047 


•048 


•049 


•050 


•051 


•052 


•053 


7 




8 


•044 


•045 


•046 


•047 


•048 


•049 


•050 


•051 


8 




9 


•042 


•043 


•044 


•045 


•046 


•046 


•047 


•048 


9 




10 


•040 


•041 


•042 


•042 


•043 


*044 


•045 


•046 


10 




11 


•038 


•039 


•039 


•040 


•041 


•042 


•042 


•043 


11 




13 


•036 


•036 


•037 


•038 


•039 


•039 


•040 


•041 


12 




13 


•033 


•034 


•035 


•036 


•036 


•037 


•038 


•038 


13 




14 


•031 


•032 


•033 


•033 


•034 


•036 


•035 


•036 


14 




15 


•029 


•030 


•030 


•031 


•032 


•032 


•033 


•033 


15 




16 


•027 


•028 


•028 


•029 


•029 


•030 


•030 


•031 


16 




17 


•025 


•025 


•026 


•026 


•027 


•027 


•028 


•028 


17 




18 


•023 


•023 


•024 


•024 


•025 


•026 


•025 


•026 


18 




19 


•021 


•021 


•021 


•022 


•022 


•023 


•023 


•024 


19 




20 


•018 


•019 


•019 


•020 


•020 


•020 


•021 


•021 


20 




21 


•016 


•017 


•017 


•017 


•018 


•018 


•018 


•019 


21 




22 


•014 


•014 


•015 


•016 


•015 


•016 


•016 


•016 


22 




23 


•012 


•012 


•012 


•013 


r013 


•013 


•013 


•014 


23 




24 


•010 


•010 


•010 


•010 


•Oil 


•Oil 


•Oil 


•Oil 


24 




25 


•008 


•008 


•008 


•008 


•008 


•008 


•009 


•009 


25 




26 


•005 


•006 


•006 


•006 


•006 


•006 


•006 


•006 


26 




27 


•003 


•003 


•003 


•003 


•004 


•004 


•004 


•004 


27 




28 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


28 




29 


•001 


•001 


•001 


•001 


•001 


•001 


•001 


001 


29 




30 


•003 


•003 


•003 


•004 


•004 


•004 


•004 


•004 


30 




31 


•005 


•006 


•006 


•006 


•006 


•006 


•006 


•006 


31 




32 


•008 


•008 


•008 


•008 


•008 


•008 


•008 


•009 


32 




33 


•010 


•010 


•010 


•010 


•Oil 


•Oil 


•Oil 


•Oil 


33 




34 


•012 


•012 


•012 


•013 


•013 


•013 


•013 


•014 


34 




35 


•014 


•014 


016 


•015 


•015 


•015 


•016 


•016 


35 




36 


•016 


•017 


•017 


•017 


•017 


•018 


•018 


•019 


36 




37 


•018 


•019 


•019 


•019 


•020 


•020 


•021 


•021 


37 




38 


•020 


•021 


•021 


•022 


•022 


•023 


•023 


•023 


38 




39 


•023 


•023 


•024 


•024 


•024 


•025 


•025 


•026 


39 




40 


•025 


•025 


•026 


•026 


•027 


•027 


•028 


•028 


40 




41 


•027 


•027 


•028 


•029 


•029 


•030 


•030 


•031 


41 




42 


•029 


•030 


•030 


•031 


•031 


•032 


•033 


•033 


42 




43 


•031 


•032 


•032 


•033 


•034 


•034 


•035 


•036 


43 




44 


•033 


•034 


•035 


•035 


•036 


•037 


•037 


•038 


44 




45 


•035 


•036 


•037 


•038 


•038 


•039 


•040 


•041 


45 




46 


•038 


•038 


•039 


•040 


•041 


•042 


•042 


•043 


46 




47 


•040 


•041 


•041 


•042 


•043 


•044 


•045 


•046 


47 




48 


•042 


•043 


•044 


•045 


•045 


•046 


•047 


•048 


48 




49 


•044 


•045 


•046 


•047 


•048 


•049 


•050 


•050 


49 




50 


•046 


•047 


•048 


•049 


•060 


•061 


•052 


•053 


50 







t- 


Inches. 


1 




1 


28 


285 


29 


29^5 


30 3 


^■5 


31 




6 


fe~ 


^ 


*. 


+ 
•076 


A 


*r 


■i 


8 




1 


069 


■071 


■072 


■073 


■074 


■076 


■077 


1 




2 


067 


■068 


■069 


■070 


■073 


073 


■074 


3 






€64 


■065 


■067 


■068 


■069 


070 


■071 


3 




i 


062 


■063 


■064 


■065 


■066 


067 


■068 


4 




S 


059 


■060 


■061 


■062 


■063 


■066 


■068 


6 




« 


«57 


■068 


■059 


■060 


■061 


063 


■063 


6 




7 


■051 


■055 


■066 


■057 


■058 


■059 


■060 


7 




8 


«52 


■053 


■054 


■054 


■055 


■056 


■057 


8 




9 


■049 


■060 


■051 


■053 


■053 


-054 


■054 


9 




10 


■047 


■047 


■048 


■019 


■060 


■051 


■063 


10 




11 


■044 


•045 


■048 


•046 


•047 


■048 


■049 


11 




12 


■(M3 


■013 


•013 


•044 


■045 


016 


■016 


12 




13 


099 


■040 


•040 


■041 


■043 


■013 


■043 


13 




14 


037 


■087 


■038 


■038 


■039 


■040 


■040 


14 




16 


034 


■035 


■035 


•036 


■036 


■037 


■038 


16 




IS 


032 


■033 


■033 


■033 


■034 


■034 


•035 


6 




H 


029 


-030 


■030 


■031 


■031 


033 


■033 


7 




iS 


■026 


■0B7 


■037 


■038 


-028 


■039 


■039 


8 




19 


■021 


■024 


■035 


■035 


■096 


036 


■037 


9 




20 


■021 


■023 


■022 


■033 


-023 


■023 


■034 


30 




21 


■019 


■019 


■O20 


■020 


-030 


■031 


■031 


21 




23 


■016 


■017 


■017 


■017 


•018 


■018 


■018 


22 




23 


014 


•014 


■014 


■015 


■015 


■015 


■015 


23 




31 


■Oil 


■013 


■013 


■012 


■012 


■013 


■013 


21 




25 


■009 


■009 


■009 


■009 


■009 


■010 


■010 


25 




26 


006 


■006 


■007 


■007 


■■007 


■007 


■007 


26 




27 


■004 


■004 


■004 


■004 


■004 


004 


■001 


37 




28 


■001 


■001 


■OOl 


■001 


■001 


■001 


■001 


38 




29 


001 


■001 


■001 


■OOi 


■001 


•001 


■001 


39 




30 


004 


■001 


■004 


■004 


■OtM 


■004 


KI04 


30 




31 


ooc 


■008 


■007 


■007 


■007 


■007 


■007 


31 




32 


■009 


■009 


■009 


■009 


■009 


■010 


•010 


S3 




33 


■Oil 


■013 


■013 


■013 


■013 


■013 


■013 






M 


■014 


■014 


■014 


■015 


■015 


•015 


■016 


34 




35 


■016 


■017 


■017 


■017 


■018 


018 


■018 


35 




36 


■019 


■019 


■020 


■030 


■020 


031 


■021 


36 




37 


■021 


■033 


■022 


■022 


■023 


033 


■021 


37 




Si 


■024 


■024 


■025 


■025 


■026 


026 


■038 


38 




39 


026 


■027 


■027 


■028 


■028 


■029 


■039 


39 




40 


■029 


■029 


■030 


-030 


■031 


■031 


■032 


40 




41 


031 


■032 


■033 


■033 


•034 


■034 


■035 


41 




42 


034 


■034 


■035 


■036 


■036 


037 


■037 


43 




43 


036 


■037 


■038 


■038 


■039 


010 


■040 


13 




44 




■040 


■010 


■041 


■042 


042 


■043 


44 




15 


041 


■042 


■013 


■044 


■044 


015 


■018 


45 




46 


041 


■045 


■015 


■048 


■017 


048 


■049 


46 




47 


046 


■047 


■018 


•019 


■050 


151 


■061 


47 




18 


049 


■050 


■051 


■^3 


■052 


a53 


■051 


48 




19 


051 


■052 


■053 


■054 


■055 


056 


■057 


40 




50 


051 


■055 


■056 


■057 


■058 


■059 


060 


50 
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Table II. (continued.) 



5^1 


Inches. 


• 




24 


24^5 


25 


25-5 


26 


265 


27 ! 


275 




•048 


•049 


•050 


•051 


•052 


•053 


•064 


065 


a 




52 


•050 


•052 


•053 


•064 


•055 


•066 


•067 


058 


52 




53 


•053 


•054 


•065 


•056 


•067 


•058 


•059 


060 


63 




54 


•055 


•056 


•057 


•058 


•059 


•060 


•062 


063 


54 




55 


•057 


•058 


•059 


•060 


•062 


•063 


•064 


065 


55 




56 


•059 


•060 


•061 


•063 


•064 


•065 


•066 


068 


56 




57 


•061 


•062 


•064 


•065 


•066 


•068 


•069 


070 


57 




58 


•063 


•065 


•066 


•067 


•069 


•070 


•071 


073 


58 




59 


•065 


•067 


•068 


•070 


•071 


•072 


•074 


075 


59 




60 


•068 


•069 


•070 


•072 


•073 


•075 


•076 


077 


60 




61 


•070 


•071 


•073 


•074 


•075 


•077 


•078 


080 


61 




62 


•072 


•073 


•075 


•076 


•078 


•079 


•081 


082 


62 




63 


•074 


•076 


•077 


•079 


•080 


•082 


•083 


086 


63 




64 


•076 


•078 


•079 


•081 


•082 


•084 


•086 


087 


64 




65 


•078 


•080 


•082 


•083 


•085 


•086 


' •088 


090 


66 




66 


•080 


•082 


•084 


•086 


•087 


•089 


•090 


092 


66 




67 


•083 


•084 


. ^086 


•088 


•089 


•091 


•093 


095 


67 




68 


•085 


•086 


•088 


•090 


•092 


•094 


•096 


097 


68 




69 


•087 


•089 


•090 


•092 


•094 


•096 


•098 


100 


69 




70 


•089 


•091 


•093 


•095 


•096 


•098 


•100 


102 


70 




71 


•091 


•093 


•095 


•097 


•099 


•101 


•102 


104 


71 




72 


•093 


•095 


•097 


•099 


•101 


•103 


•106 


107 


72 




73 


•095 


•097 


•099 


•101 


•103 


•105 


•107 


109 


73 




74 


•097 


•099 


•102 


•104 


•106 


•108 


•110 


112 


74 




75 


•100 


•102 


•104 


•106 


•108 


•110 


•112 


114 


76 




76 


•102 


•104 


•106 


•108 


•110 


•112 


•114 


117 


76 




77 


•104 


•106 


•108 


•110 


•112 


•115 


•117 


119 


77 




78 


•106 


•108 


•110 


•113 


•115 


•117 


•119 


122 


78 




79 


•108 


•110 


•113 


•115 


•117 


•119 


•122 


124 


79 




80 


•110 


•113 


•115 


•117 


•119 


•122 


•124 


126 


80 


. 


81 


•112 


•115 


•117 


.119 


•122 


•124 


•126 


129 


81 




82 


•114 


•117 


•119 


•122 


•124 


•126 


•129 


131 


82 




83 


•117 


•119 


•121 


•124 


•126 


•129 


•131 


134 


83 




84 


•119 


•121 


•124 


•126 


•129 


•131 


•134 


136 


84 




85 


•121 


•123 


•126 


•128 


•131 


•133 


•136 


139 


86 




86 


•123 


•126 


•128 


•131 


•133 


•136 


•138 


141 


86 




87 


•125 


•128 


•130 


•133 


•136 


•138 


•141 


143 


87 




88 


•127 


•130 


•133 


•135 


•138 


•141 : 


. 143 


146 


88 




89 


•129 


•132 


•135 


•137 


•140 


•143 


•146 


148 


89 




90 


•131 


•134 


•137 


•140 


•142 


•145 


•148 


161 


90 




91 


•134 


•136 


•139 


•142 


•145 


•148 


•160 


153 


91 




92 


•136 


•139 


•141 


•144 


•147 


•150 


•153 


166 


92 




93 


•138 


•141 


•144 


•147 


•149 


•152 


•155 


168 


93 




94 


•140 


•143 


•146 


•149 


•152 


•165 


•167 


161 


94 




95 


•142 


•145 


•148 


•151 


•154 


•157 


•160 


163 


96 




96 


•144 


•147 


•150 


•153 


•156 


•169 


•162 


166 


96 




97 


•146 


•149 


•152 


•156 


•159 


•162 


•165 


168 


97 




98 


•148 


•152 


•155 


•158 


•161 


•164 


•167 


170 


98 




99 


•151 


•154 


•157 


•160 


•163 


•166 


•169 


173 


99 




100 


•153 


•156 


•159 


•162 


•165 


169 


•172 


176 


100 
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Table II. (continued). 





& 








Inches. 




/ 




p. 




















1 




1 


28 


28-5 


29 


29-5 


30 


30-5 


31 




n 


^^ 


^^ 


- ^^ 


^^ 


^^ 


^^ 


^^ 




51 


•056 


•057 


•058 


•059 


•060 


•061 


•062 


5^1 




52 


•059 


•060 


•061 


•062 


•063 


•064 


•065 


52 




53 


•061 


•063 


•064 


•065 


•066 


•067 


•068 


53 




54 


•064 


•065 


•066 


•067 


•068 


•070 


•071 


54 




55 


•066 


•068 


•069 


•070 


•071 


•072 


•073 


55 




56 


•069 


•070 


•071 


•073 


•074 


•075 


•076 


56 




57 


•071 


•073 


•074 


•075 


•076 


•078 


•079 


57 




58 


•074 


•075 


•077 


•078 


•079 


•081 


•082 


58 




59 


•076 


•078 


•079 


•080 


•082 


•083 


-085 


59 




60 


•079 


•080 


•082 


•083 


•085 


•086 


•087 


60 




61 


•081 


•083 


•084 


•086 


•087 


•089 


•090 


61 




62 


•084 


•085 


•087 


•088 


•090 


•091 


•093 


62 




63 


•086 


•088 


•089 


•091 


•093 


•094 


•096 


63 




64 


•089 


•090 


•092 


•094 


•095 


•097 


•098 


64 




65 


•091 


•093 


•095 


•09e 


•098 


•100 


•101 


65 




66 


•094 


•096 


•097 


•099 


•101 


•102 


•104 


66 




67 


•096 


•098 


•100 


•102 


•103 


•105 


•107 


67 




68 


•099 


•lOJ 


•102 


•104 


•106 


•108 


•109 


68 




69 


•101 


•103 


•105 


•107 


•109 


•110 


•112 


69 




70 


•104 


•106 


•108 


•109 


•111 


•113 


•115 


70 




71 


•106 


•108 


•110 


•112 


•114 


•116 


•118 


71 




72 


•109 


•111 


•113 


•115 


•117 


•119 


•120 


72 




73 


•111 


•113 


•115 


•117 


•119 


•121 


-123 


73 




74 


•114 


•116 


•118 


•120 


•122 


•124 


-126 


74 




75 


•116 


•118 


•120 


•122 


•125 


•127 


-129 


75 




76 


•119 


•121 


•123 


•125 


•127 


•129 


-131 


76 




77 


•121 


•123 


•126 


•128 


•130 


•132 


-134 


77 




78 


•124 


•126 


•128 


•130 


•133 


•135 


-137 


78 




79 


•126 


•128 


•131 


•133 


•135 


•137 


-140 


79 




80 


•129 


•131 


•133 


•136 


•138 


•140 


-143 


80 




81 


•131 


•134 


•136 


•138 


•141 


•143 


•145 


81 




82 


134 


•136 


•138 


•141 


•143 


•146 


-148 


82 




83 


136 


•139 


•141 


•143 


•146 


•148 


151 


83 




84 


139 


•141 


•144 


•146 


•149 


•151 


154 


84 




85 


141 


•144 


•146 


•149 


•151 


•154 - 


-156 


85 




86 • 


144 


•146 


•149 


•151 


•154 


•156 


-159 


86 




87 • 


146 


•149 


•151 


•154 


•157 


•159 


-162 


87 




88 


149 


•151 


•154 


•157 


•159 


•162 


165 


88 




89 


151 


•154 


•156 


•159 


•162 


•165 


167 


89 




90 


153 


•156 


•159 


•162 


•164 


•167 


170 


90 




91 


156 


•159 


•162 


•165 


•167 


•170 


173 


91 




92 


158 


•161 


•164 


•167 


•170 


•172 


175 


92 




93 


161^ 


•164 


•167 


•170 


•172 


•175 


178 


93 




94 


163 


•166 


•169 


•172 


•175 


•177 


180 


94 




95 


166 


•169 


•172 


•175 


•178 


•180 


183 


95 




96 


-168 


•171 


•174 


•178 


•181 


•183 


186 


96 




97 


171 


•174 


•177 


•180 


483 


•186 


189 


97 




98 


173 


•176 


•179 


•183 


•186 


•188 


191 


98 




99 


176 


•179 


•182 


•185 


•188 


•191 


194 


99 




100 


178 


•181 


•184 


•188 


•191 


•194 


•197 


100 
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Table III. 

Correction to be applied to Barometers, the scales of which are en- 
graven on ^lassy to reduce the observations to d2^ Fahrenheit. 



Temp. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


280 


28*5 


290 


29-5 


30H) 


80*5 


31-0 


31-5 


25 


-1-017 


4- -017 


+ •017 


+ •018 


+ •018 


+ •018 


+•019 


+•019 


30 


4- -005 


+ •005 


+ •005 


+ •005 


+ •005 


+ !005 


+ •005 


+•005 


35 


—007 


-•007 


—007 


-'008 


-•008 


-•008 


—•008 


—008 


40 


—019 


-•020 


—020 


—•020 


—021 


-•021 


—•021 


— 022 


45 


—•031 


-•032 


—•032 


—•033 


-•033 


-•034 


—•035 


—036 


50 


-•043 


-•044 


—•045 


-•046 


-•046 


-•047 


—048 


—049 


55 


—055 


-•056 


—057 


-•058 


—059 


-•060 


—061 


-•062 


60 


—067 


-•068 


—•069 


—071 


-•072 


-•074 


-•075 


-•076 


65 


-•079 


-•081 


-•082 


-•083 


-•085 


-•086 


-•088 


—•089 


70 


-•091 


-•093 


-•094 


-•096 


—•098 


-•100 


-•101 


-•103 


75 


—103 


-•105 


—106 


-•109 


-•111 


-•114 


—116 


—•118 



Table IV. 

Showing the force of the wind on a square foot for different heights 
of the Column, of Water in Lind s Wind*gauge. 



Height of the 

Column, of 

Water. 


. Force of the 
Wind in Avoir- 
dupois Pounds. 


Common designation of 
such a wind. 


inches. 


• 




12 


62^5 




11 


57-29 




10 
9 


52-08 1 
46-87 J 


Most violent hurricane. 


8 


44-66 


A very great hurricane. 


7 


36^55 


A great hurricane. 


6 


31^75 


A hurricane. 


5 


26^04 


A very great storm. 


4 


20-83 


A great storm. 


3 


15-62 


A storm. 


2 


10-42 


A very high wind. 


1 


5-21 


A high wind. 


0-5 


2-60 


A brisk gale. 


. 0-1 


0-52 


A fresh breeze. 


0-05 


0-26 


A pleasant wind. 



In great degrees of cold, a saturated solution of sea salt may be 
used instead of water, the specific gravity of which is 1-244. If the 
force in the above Table for any height be multiplied by the specific 
gravity, the product will be the true force, as measured by the solu- 



tion. 
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Table V. 

Elastic Force of Aqueous Vapour for every degree of temperature, 

from 0° to 103° Fahr. 



Temp. 
Fahr. 


Force. 
Inches of 


Temp. 
Fahr. 


Force. 
Inches of 


Temp. 
Fahr. 


Force. 
Inches of 


,Temp. 
Fahr. 


Force. 
Inches of 




Mercury. 




Mercury. 




Mercury. 




Mercury. 


o 




0*051 


26' 


0-147 


o 

B2 


0-389 


78 


0-942 


1 


0053 


27 


0-153 


63 


0-402 


79 


0-973 


2 


0*056 


28 


0-159 


54 


0-417 


80 


1-005 


3 


0-058 


29 


0-165 


55 


0-432 


81 


1-036 


4 


0-060 


30 


0-172 


56 


0-447 


82 


1-072 


5 


0-063 


31 


0-179 


57 


0-463 


83 


1-106 


6 


0-066 


32 


0-186 


58 


0-480 


84 


1-142 


7 


0-069 


33 


0-193 


59 


0-497 


85 


1-179 


8 


0-071 


34 


0-200 


60 


0-514 


86 


1-217 


9 


0-074 


35 


0-208 


61 


0-532 


87 


1-256 


10 


0-078 


30 


0-216 


62 


0-551 


88 


1-296 


11 


0-081 


37 


0-224 


63 


570 


89 


1-337 


12 


0-084 


38 


0-233 


64 


0-590 


90 


1-380 


13 


0-088 


39 


0-242 


65 


0-611 ' 


91 


1-423 


14 


0-092 


40 


0-251 


66 


0*632 


92 


1-468 


15 


0-095 


41 


0-260 


67 


0-654 


93 


1-514 


16 


0-099 


42 


0-270 


68 


0-676 


94 


1-562 


17 


0-103 


43 


0-280 


69 


0-699 


95 


1-610 


18 


0-107 


44 


0-291 


70 


0-723 


96 


1-660 


19 


0-112 


45 


0-302 


71 


0-748 


97 


1-712 


20 


0-116 


46 


0-313 


72 


0-773 


98 


1-764 


21 


0-121 


47 


0-324 


73 


0-799 


99 


1-819 


22 


0-126 


48 


0-336 


74 


0-826 


100 


1-874 


23 


0-131 


49 


0-349 


75 


0-854 


101 


1-931 


24 


0-136 


50 


0-361 


76 


0-882 


102 


1-990 


2b 


0-142 


51 


0-375 


77 


0-911 


103 


2-050 
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Hebschel, Sir John, 42. 

Hirudo branchiata, 39. 

Hobart Tovm, 31. 

, Flora of, 33. 
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Leeches adhering to marine Repdlia, 39. 
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Mauritius, 30. 
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Photometric measurement, 19. 

Phyllocladus, 36. 

Physics and Meteorology, 1. 

Physiology, vegetable, 33. 

, animal, 37. 

Pine, celery-leaved, 36. 
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